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An H S R I  s tudy of f i r e  i n   noto or v e h i c l e  z c c i d e n t s  examined four  a s p e c t s  of t h i s  
s u b j e c t :  t h e  number of such f i r e s  t h a t  occur annua l ly ,  t h e  nuiriber of f a t a l i t i e s  
accompanied by such f i r e s ,  t h e  number of f n t a 1 i t i . e ~  r e s u l t i n g  d i r e c t l y  fro12 such 
f i r e s ,  and r e l a t i 0 n s h i . p ~  between types  of  c r a s h e s ,  fue.1 leakage,  fuel-fed f i r e s ,  and 
associat .ed f a t a l i t i e s ,  
The s tudy  evanincd t h r e e  broad c a t e g o r i e s  of d a t a :  
(1) Seven previo2.s r e sea rch  s t u d i e s  i n  t h i s  s u b j e c t  a r e a ;  
(2) Four s e p c r ~ t c  bodiirs of IiSRI-held t r a f f i c  acc iden t  and medical d a t a ;  
( 3 )  P i v  .J s ~ t : .  cf m r t n l i t y  r eco rd -  ;:?int':ioe.d by va r ious  s t a t e  o r  n a t i o n a l  
f i r e  p r o t e c t i o n  or  pub l i c  h e a l t h  o r g a n i z a t i o n s .  
The s tudy  f o u r i  t h a t  approximately 17,000 f i r e s  r e s u l t  from motor v e h i c l e  
a c c i d e n t s  annua l ly ,  t h s t  from 720 t o  1 ,250 f a t a l i t i e s  a r e  accompanied by those  f i r e s ,  
and t h a t  from 450 t o  650 of those  f i r e - a s s o c i a t e d  f a t a l i t i e s  r e s u l t  d i r e c t l y  from t h e  
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v e h i c l e  f i r e s .  The s tudy a l s o  found t h a t  from 180 t o  260 allniial. f a t a l i t i e s  r e s u l t i n g  
from vehj.cle f i r e s  cou3.d be e l i n i n a t e d  i f  a l l .  v e h i c l e s  on U .5. roaaways ivere t o  
comply wi th  t h e  s t andards  conta ined i n  the  ne~:.ly arne~?ded Motor Vehic le  Safe ty  
Standard :!30l. This  could be acc.ompl.ished over approxilnately a ten-year per iod of 
new-model c a r  i n t r o d u c t i o n s ,  
FIRE I N  MOTOR VEHICLE ACCIDENTS 
An HSRI S p e c i a l  R e p o r t  
A p r i l ,  1974 
P e t e r  Cooley 
Head, A c c i d e n t  I n v e s t i g a t i o n s  
Sys terns Analys  is Group 
Highway S a f e t y  R e s e a r c h  I n s t i t u t e  




2 .  MAJOR QUESTIONS CONSIDERED I N  THIS STUDY 
3 .  SUMMARY OF CONCLUSIONS 
4 .  DISCUSSION 
4 . 1  E v a l u a t i o n  o f  P r e v i o u s  S t u d i e s  
4 . 2  Analyses  o f  HSRI Data  
4 . 3  Analyses  o f  Medica l  Data  
4 . 4  Analyses  o f  S t a t e  and N a t i o n a l  F i r e  M o r t a l i t y  
Records  
4 . 5  Economic C o n s i d e r a t i o n s  : C o s t s  and B e n e f i t s  
5. CONCLUSIONS AND RECOMMENDATIONS 
5 . 1  F i r e s  R e s u l t i n g  from Motor V e h i c l e  A c c i d e n t s  
5 . 2  F a t a l i t i e s  R e s u l t i n g  from F i r e  i n  Motor 
V e h i c l e  A c c i d e n t s  
5 . 3  F a t a l i t i e s  Accompanied by F i r e  i n  Motor 
V e h i c l e  A c c i d e n t s  
5 . 4  Types o f  C r a s h e s ,  F u e l  Leakage ,  and F i r e  
5 . 5  Recommendat i o n s  
BIBLIOGRAPHY 
ABSTRACT 
An HSRI s t u d y  of  f i r e  i n  motor  v e h i c l e  a c c i d e n t s  examined f o u r  
a s p e c t s  o f  t h i s  s u b j e c t :  t h e  number o f  s u c h  f i r e s  t h a t  o c c u r  
a n n u a l l y ,  t h e  number o f  f a t a l i t i e s  accompanied by s u c h  f i r e s ,  the 
number o f  f a t a l i t i e s  r e s u l t i n g  d i r e c t l y  from s u c h  f i r e s ,  and r e -  
l a t i o n s h i p s  between t y p e s  o f  c r a s h e s ,  f u e l  l e a k a g e ,  f u e l - f e d  f i r e s ,  
and a s s o c i a t e d  f a t a l i t i e s .  
The s t u d y  examined t h r e e  broad c a t e g o r i e s  o f  d a t a :  
( 1 )  Seven p r e v i o u s  r e s e a r c h  s t u d i e s  i n  t h i s  s u b j e c t  
a r e a  : 
(2 )  F o u r  s e p a r a t e  b o d i e s  o f  HSRI-held t r a f f i c  a c c i -  
d e n t  and m e d i c a l  d a t a ;  
( 3 )  F i v e  s e t s  o f  m o r t a l i t y  r e c o r d s  m a i n t a i n e d  by 
v a r i o u s  s t a t e  o r  n a t i o n a l  f i r e  p r o t e c t i o n  o r  
p u b l i c  h e a l t h  o r g a n i z a t i o n s .  
The s t u d y  found t h a t  a p p r o x i m a t e l y  1 7 , 0 0 0  f i r e s  r e s u l t  from 
motor  v e h i c l e  a c c i d e n t s  a n n u a l l y ,  t h a t  from 720 t o  1 , 2 5 0  f a t a l i t i e s  
a r e  accompanied by t h o s e  f i r e s ,  and t h a t  from 450 t o  650 o f  t h o s e  
f i r e - a s s o c i a t e d  f a t a l i t i e s  r e s u l t  d i r e c t l y  from t h e  v e h i c l e  f i r e s .  
The s t u d y  a l s o  found t h a t  from 180 t o  260 a n n u a l  f a t a l i t i e s  r e s u l t -  
i n g  from v e h i c l e  f i r e s  c o u l d  be e l i m i n a t e d  i f  a l l  v e h i c l e s  on U.S. 
roadways were t o  comply w i t h  t h e  s t a n d a r d s  c o n t a i n e d  i n  t h e  newly 
amended Motor V e h i c l e  S a f e t y  S t a n d a r d  #301. T h i s  c o u l d  be  accom- 
p l i s h e d  o v e r  a p p r o x i m a t e l y  a  t e n - y e a r  p e r i o d  o f  new-model c a r  
i n t r o d u c t i o n s .  
1. INTRODUCTION 
F i r e  i n  motor v e h i c l e  a c c i d e n t s  is a  d i s t u r b i n g  and con t rove r -  
s i a l  s u b j e c t ,  I t  i s  d i s t u r b i n g  because v e h i c u l a r  f i r e s  a r e  s o  
s p e c t a c u l a r  and l e t h a l .  I t  i s  c o n t r o v e r s i a l  because t h e  f i n d i n g s  of 
t h e  few r e sea rch  s t u d i e s  under taken  on t h i s  problem have been sus-  
c e p t i b l e  t o  m u l t i p l e  and c o n f l i c t i n g  i n t e r p r e t a t i o n s .  
Government a g e n c i e s ,  v e h i c l e  manufac tu re r s ,  and t h e  g e n e r a l  
p u b l i c  need more p r e c i s e  and r e l i a b l e  answers  t o  some b a s i c  q u e s t i o n s  
i n  t h i s  s u b j e c t  a r e a :  How o f t e n  do f i r e s  r e s u l t  from motor v e h i c l e  
a c c i d e n t s ?  How many f a t a l i t i e s  r e s u l t  from t h o s e  f i r e s ?  How can 
t h o s e  f i r e s  and f a t a l i t i e s  be e f f e c t i v e l y  reduced? 
Those q u e s t i o n s  and t h e i r  answers  a r e  t h e  s u b j e c t  of  t h i s  
r e p o r t .  The r e p o r t  p r e s e n t s  t h e  f i n d i n g s  of a  s tudy  of t h i s  sub- 
j e c t  conducted by t h e  Un ive r s i t y  of Michigan Highway S a f e t y  Re- 
s e a r c h  I n s t i t u t e  du r ing  t h e  p e r i o d  September,  1973, through March, 
1974, w i t h  g e n e r a l  r e s e a r c h  suppor t  funds  c o n t r i b u t e d  by t h e  Motor 
Vehicle  Manufacturers  A s s o c i a t i o n .  The purpose of t h i s  s tudy  was 
t o  a r r i v e  a t  more p r e c i s e  and r e l i a b l e  answers  by e v a l u a t i n g  a l l  
p r i o r  r e s e a r c h  s t u d i e s  and by ana lyz ing  a l l  c u r r e n t l y  a v a i l a b l e  
d a t a  on t h e  s u b j e c t .  
A d d i t i o n a l  c o p i e s  of t h i s  r e p o r t  o r  f u r t h e r  i n fo rma t ion  on 
t h i s  s u b j e c t  may be ob t a ined  from t h e  Highway S a f e t y  Research 
I n s t i t u t e ,  The Un ive r s i t y  of Michigan, Huron Parkway and Baxter  
Road, Ann Arbor ,  Michigan 48105 (Telephone 313-764-0248.) 
2 .  MAJOR QUESTIONS CONSIDERED IN THIS STUDY 
The major q u e s t i o n s  cons ide red  i n  t h i s  s t u d y  were: 
( 1 )  How o f t e n  do f i r e s  occur  a s  a  r e s u l t  of motor 
v e h i c l e  a c c i d e n t s ?  That i s ,  what is t h e  r a t e  
o r  f requency  of  f i r e s  i n  motor v e h i c l e  a c c i d e n t s ?  
( 2 )  How o f t e n  a r e  occupants  f a t a l l y  i n j u r e d  o r  k i l l e d  
a s  a  r e s u l t  o f  f i r e  i n  motor v e h i c l e  a c c i d e n t s ?  
That i s ,  what is t h e  r a t e  o r  f requency  of  
f a t a l i t i e s  r e s u l t i n g  from f i r e  i n  motor v e h i c l e  
a c c i d e n t s ?  
( 3 )  How o f t e n  a r e  occupants  f a t a l l y  i n j u r e d  o r  k i l l e d  
i n  motor v e h i c l e  a c c i d e n t s  accompanied by f i r e ?  
That i s ,  what is t h e  r a t e  o r  f requency  of  
f a t a l i t i e s  i n  motor v e h i c l e  a c c i d e n t s  i n  which 
the  occupants  a r e  f a t a l l y  i n j u r e d  o r  k i l l e d ,  
whether  o r  not i t  is known t h a t  d e a t h  r e s u l t e d  
s o l e l y  from f i r e - i n d u c e d  i n j u r i e s ?  
( 4 )  What a r e  t he  r e l a t i o n s h i p s  between types  of  
c r a s h e s ,  f u e l  l eakage ,  and f i r e s ?  That i s ,  
what types  of  c r a s h e s  r e s u l t  i n  f u e l  l eakage ,  
how o f t e n  does such  f u e l  leakage  r e s u l t  i n  
f i r e s ,  and how do t h e s e  r e l a t e  t o  f a t a l i t i e s  i n  
motor v e h i c l e  a c c i d e n t s  accompanied by f i r e ?  
One s o u r c e  of p u b l i c  confusbn conce rn ing  p a s t  r e s e a r c h  f i n d i n g s  
has been t h e  tendency of some r e s e a r c h e r s  and most r e p o r t e r s  t o  
i g n o r e  t h e  d i f f e r e n c e  between q u e s t i o n s  2  and 3 ,  above. Both 
q u e s t i o n s  a r e  i m p o r t a n t ,  and both a r e  answered i n  t h i s  r e p o r t .  How- 
e v e r ,  t h e  answers hold somewhat d i f f e r e n t  i m p l i c a t i o n s  f o r  t h e  prob- 
lem of deve loping  c o s t - e f f e c t i v e  means of r educ ing  f a t a l i t i e s  i n  
motor v e h i c l e  a c c i d e n t s .  
3 .  Sb1151ARY OF CONCLUSIONS 
F i r e s  r e s u l t i n g  f rom motor  v e h i c l e  a c c i d e n t s  i n  t h e  U.S.  o c c u r  
a t  t h e  r a t e  o f  a p p r o x i m a t e l y  0 . 1  p e r c e n t  o f  t h e  17 m i l l i o n  motor  
v e h i c l e  a c c i d e n t s  e s t i m a t e d  by t h e  ~ a t i o n a l  S a f e t y  C o u n c i l  a s  o c c u r r -  
i n g  a n n u a l l y  i n  t h e  U.S.  
F a t a l i t i e s  r e s u l t i n g  from f i r e  i n  motor  v e h i c l e  a c c i d e n t s  i n  t h e  
U.S. number from 450 t o  650  a n n u a l l y .  Those  d e a t h s  r e p r e s e n t  1 t o  
1 . 5  p e r c e n t  o f  t h e  4 4 , 8 0 0  f a t a l i t i e s  o f  v e h i c l e  o c c u p a n t s  ( e x c l u d i n g  
p e d e s t r i a n s  and b i c y c l i s t s )  i n  1972 U.S. motor  v e h i c l e  a c c i d e n t s .  
F a t a l i t i e s  accompanied by f i r e  i n  motor  v e h i c l e  a c c i d e n t s  i n  t h e  
U.S. number f rom 720  t o  1 , 2 5 0  a n n u a l l y .  Those  d e a t h s  r e p r e s e n t  1 . 7  
t o  2 . 8  p e r c e n t  o f  t h e  4 4 , 8 0 0  f a t a l i t i e s  o f  v e h i c l e  o c c u p a n t s  ( e x c l u d -  
i n g  p e d e s t r i a n s  and b i c y c l i s t s )  i n  1972  U.S. motor  v e h i c l e  a c c i d e n t s ,  
and t h e y  i n c l u d e  t h e  450 t o  6 5 0  f a t a l i t i e s  r e s u l t i n g  d i r e c t l y  o r  
s o l e l y  from f i r e  i n  motor  v e h i c l e  a c c i d e n t s .  
The t y p e  o f  c r a s h  t h a t  r e s u l t s  i n  t h e  g r e a t e s t  number o f  c a s e s  
o f  f u e l  l e a k a g e  is n o t  t h e  t y p e  o f  c r a s h  t h a t  r e s u l t s  i n  t h e  g r e a t e s t  
number o f  f a t a l i t i e s  i n  motor  v e h i c l e  a c c i d e n t s  accompanied by f i r e  
Rear-end i m p a c t s  r e s u l t  i n  t h e  most  c a s e s  o f  f u e l  l e a k a g e ,  b u t  
s i n g l e - v e h i c l e  s e v e r e  f r o n t a l  c r a s h e s  r e s u l t  i n  t h e  g r e a t e s t  number 
o f  f a t a l i t i e s  i n  a c c i d e n t s  accompanied by f i r e .  
I f  a l l  v e h i c l e s  on U.S. roadways were  t o  meet t h e  f u e l  s y s t e m  
i n t e g r i t y  t e s t s  s p e c i f i e d  i n  t h e  newly amended Motor V e h i c l e  S a f e t y  
S t a n d a r d  $301 ,  t h i s  m i g h t  e l i m i n a t e  f rom 180 t o  260 (40  p e r c e n t )  o f  
t h e  450 t o  650 a n n u a l  f a t a l i t i e s  which now r e s u l t  from f i r e s  i n  
motor  v e h i c l e  a c c i d e n t s .  T h i s  means t h a t  i f  new v e h i c l e s  comply ing  
w i t h  MVSS #301  a r e  i n t r o d u c e d  i n t o  t h e  t o t a l  v e h i c l e  p o p u l a t i o n  a t  
t h e  r a t e  o f  10 p e r c e n t  p e r  y e a r  ( i . e . ,  10  m i l l i o n  new c a r s  i n  a  
v e h i c l e  p o p u l a t i o n  o f  100  m i l l i o n  c a r s ) ,  t h e  a n n u a l  r e d u c t i o n  o f  180 
t o  260 s u c h  f i r e  f a t a l i t i e s  migh t  be a c h i e v e d  by 1984 .  
4 .  DISCUSSIOK 
The HSRI s t u d y  d i s c u s s e d  i n  t h i s  r e p o r t  examined t h r e e  k i n d s  o f  
d a t a :  ( 1 )  p r e v i o u s  r e s e a r c h  s t u d i e s  r e l a t i n g  t o  q u e s t i o n s  of  f i r e  i n  
motor  v e h i c l e  a c c i d e n t s ;  ( 2 )  HSRI a c c i d e n t - f i l e  d a t a ;  and ( 3 )  m e d i c a l  
and f i r e  p r o t e c t i o n  d a t a  p r o v i d e d  by v a r i o u s  s t a t e  and n a t i o n a l  
o r g a n i z a t i o n s ,  
4 . 1  E v a l u a t i o n  o f  P r e v i o u s  R e s e a r c h  S t u d i e s  
S e v e r a l  p r e v i o u s  r e s e a r c h  s t u d i e s  have been d i r e c t l y  o r  i n -  
d i r e c t l y  c o n c e r n e d  w i t h  p o s t - c r a s h  v e h i c l e  f i r e s .  T h e i r  f i n d i n g s  
c o n c e r n i n g  t h e  magni tude  o f  t h e  problem have v a r i e d  c o n s i d e r a b l y ,  and 
have o f t e n  been c i t e d  s e l e c t i v e l y  t o  u n d e r s t a t e  o r  o v e r s t a t e  t h e  
s c o p e  and s e r i o u s n e s s  o f  t h e  p rob lem.  Those s t u d i e s  a r e  d e s c r i b e d  
h e r e  i n  c h r o n o l o g i c a l  o r d e r  and a r e  e v a l u a t e d  i n  t e r m s  of t h e i r  
s t r e n g t h s ,  w e a k n e s s e s ,  b i a s e s ,  and o v e r a l l  s i g n i f i c a n c e .  
4 . 1 . 1  The Dunn and H a l p i n  S t u d y  (1951) 
T h i s  s t u d y ,  e n t i t l e d  " F i r e  C a s u a l t y  S t a t i s t i c s  , " was p u b l i s h e d  
i n  t h e  J u l y ,  1 9 5 1 ,  Q u a r t e r l y  o f  t h e  N a t i o n a l  F i r e  P r o t e c t i o n  Assoc- 
i a t i o n .  I t  is  o f  c o n s i d e r a b l e  i n t e r e s t  t o  t h e  highway s a f e t y  r e -  
s e a r c h  community b e c a u s e  i t s  f i n d i n g s  have been w i d e l y  and r e p e a t e d l y  
used  a s  a  b a s e  f o r  e s t i m a t e s  of  t h e  a n n u a l  number o f  f a t a l i t i e s  i n  
motor  v e h i c l e  a c c i d e n t s  accompanied by f i r e .  
The p u r p o s e  o f  t h e  s t u d y  was t o  c o m p i l e  s t a t i s t i c s  on v a r i o u s  
t y p e s  of a c c i d e n t a l  f a t a l i t i e s  i n  which f i r e  was i d e n t i f i e d  a s  a n  
a s s o c i a t e d  c a u s e .  In  1 9 5 1 ,  H .  H .  Dunn and E .  H .  H a l p i n  were  a s s o c -  
i a t e d  w i t h  t h e  N a t i o n a l  O f f i c e  o f  V i t a l  S t a t i s t i c s  (now c a l l e d  t h e  
N a t i o n a l  C e n t e r  f o r  H e a l t h  S t a t i s t i c s )  o f  t h e  U.S. P u b l i c  H e a l t h  
S e r v i c e .  To c o m p i l e  t h e i r  f i g u r e s ,  Dunn and H a l p i n  rev iewed  a  one- 
t e n t h  sample  o f  d e a t h  c e r t i f i c a t e  t r a n s c r i p t s  f o r  t h e  y e a r  1948.  
They p r e s e n t e d  t h e i r  f i n d i n g s  r e l a t i n g  t o  motor  v e h i c l e  a c c i d e n t s  i n  
t h e  t a b l e  r e p r o d u c e d  h e r e :  
"NUIIBER OF DEATHS FROhI SPECIFIED TYFES OF ACCIDENTS, AND 
ESTIMATED NmIBER OF DEATHS I N  IVHICH BURil:' WERE A N  
ASSOCIATED CAUSE OF DEATH: UNITED STATES, 1948  
Cause o f  Dea th  
E s t i m a t e d  
Number o f  
Dea ths  Due 
Number P e r c e n t  To Burns 
o f  Due t o  Rece ived  i n  
D e a t h s  ~ u r n s l  A c c i d e n t s  
T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 3 , 4 0 3  
Ra i lway  a c c i d e n t s  . . . . . . . . . . . . . . . . . . . . .  2 , 5 0 2  
M o t o r - v e h i c l e  a c c i d e n t s  . . . . . . . . . . . . . . .  3 2 , 2 5 9  
W a t e r - t r a n s p o r t  a c c i d e n t s  . . . . . . . . . . . . .  1 , 3 6 4  
A i r - t r a n s p o r t  a c c i d e n t s  . . . . . . . . . . . . . . .  1 , 9 1 2  
. . . . .  A c c i d e n t s  i n  mines  and q u a r r i e s . .  1 , 3 4 8  
A g r i c u l t u r a l  and f o r e s t r y  a c c i d e n t s  . . .  2 , 2 9 4  
O t h e r  a c c i d e n t s  i n v o l v i n g  m a c h i n e r y  . . .  1 , 2 4 0  
S t r e e t c a r  and  o t h e r  r o a d  t r e n s p o r t . . , .  484 
' ~ a s e d  on n a t u r e  o f  i n j u r y  t a b u l a t i o n  o f  a  l o - p e r c e n t  
s a m p l e  o f  d e a t h  c e r t i f i c a t e s ,  1948 . ' '  
The t h i r d  l i n e  o f  t h a t  t a b l e  is t h e  one  o f  p r i m a r y  i n t e r e s t .  
I t  s t a t e s  t h a t  o f  t h e  t o t a l  m o t o r - v e h i c l e - a c c i d e n t  f a t a l i t i e s  o c c u r r -  
i n g  d u r i n g  1 9 4 8 ,  2 , 5 5 0  of  them,  o r  7 . 9  p e r c e n t ,  were e s t i m a t e d  t o  be 
due  t o  b u r n s  a s  a n  a s s o c i a t e d  c a u s e  o f  d e a t h .  
4 . 1 . 1 . 1  HSRI E v a l u a t i o n  
What is p u z z l i n g  a b o u t  t h i s  s t u d y  is t h a t  i t s  f i n d i n g s  d i f f e r  
m a r k e d l y  f rom t h e  f i n d i n g s  o f  a l l  o t h e r  comparab le  r e s e a r c h  s t u d i e s  
c o n d u c t e d  s i n c e  1951 .  Because  t h e  Dunn and H a l p i n  t o t a l  of  2 , 5 5 0  
e s t i m a t e d  f a t a l i t i e s  d i f f e r s  s o  g r e a t l y  from s u b s e q u e n t  f i n d i n g s ,  
t h i s  r e s e a r c h e r  t e l e p h o n e d  D r .  H a l p i n  i n  J a n u a r y ,  1974 ,  t o  o b t a i n  
more i n f o r m a t i o n  c o n c e r n i n g  t h e  c o d i n g  and s a m p l i n g  methods  used i n  
t h e  1 9 5 1  s t u d y .  D r .  H a l p i n  e x p l a i n e d  t h a t  e v e r y  t e n t h  d e a t h  t r a n s -  
c r i p t  coded f o r  "motor v e h i c l e  a c c i d e n t - - d e a t h  due  t o  b u r n s "  was 
s e p a r a t e d  from t h e  o t h e r  d e a t h  t r a n s c r i p t s  a s  t h e y  were  b e i n g  f i l e d .  
N o t h i n g  D r .  H a l p i n  v o l u n t e e r e d  from memory would l e a d  o n e  t o  
s u s p e c t  t h a t  t h e r e  may have been e r r o r s  i n  t h e  c o d i n g  o r  s a m p l i n g  o f  
t h e  d e a t h  c e r t i f i c a t e  t r a n s c r i p t s .  However, t h e  t o t a l  number and 
p e r c e n t a g e  o f  d e a t h s  due t o  b u r n s ,  a s  r e p o r t e d  by Dunn and H a l p i n ,  
compares  c l o s e l y  w i t h  f i n d i n g s  o f  s u b s e q u e n t  s t u d i e s  when t h e  Dunn 
and H a l p i n  f i g u r e s  a r e  d i v i d e d  by t e n .  T h i s  s u g g e s t s  t h e  
p o s s i b i l i t y  e i t h e r  t h a t  a l l  o f  t h e  m o t o r - v e h i c l e - a c c i d e n t - b u r n - d e a t h  
t r a n s c r i p t s  were  e r r o n e o u s l y  p u l l e d  from t h e  Fi!.ing room and t h e n  
m u l t i p l i e d  by t e n ,  o r  t h a t  a  o n e - t e n t h  sample  o f  them was p u l l e d  and 
t h e n  e r r o n e o u s l y  m u l t i p l i e d  by 100 .  One c a n  a p p r e c i a t e  t h a t  p o s s i -  
b i l i t y  o n l y  by r u n n i n g  t h r o u g h  a  l i t t l e  a r i t h m e t i c .  
Assume t h a t  t h e  a c t u a l  number o f  b u r n - ' a s s o c i a t e d  motor  v e h i c l e  
a c c i d e n t  f a t a l i t i e s  i n  1948 may have been  255 and n o t  2 , 5 5 0  a s  p r e -  
s e n t e d  i n  t h e  Dunn and H a l p i n  t a b l e .  T h a t  255 would t h e n  have r e -  
p r e s e n t e d  .79  p e r c e n t  o f  t h e  3 2 , 2 5 9  t o t a l  motor  v e h i c l e  f a t a l i t i e s  
p r e s e n t e d  i n  t h e  Dunn and H a l p i n  t a b l e ,  i n s t e a d  of  t h e  7 . 9  p e r c e n t  
shown. 
The 3 2 , 2 5 9  f a t a l i t i e s  r e p o r t e d  by Dunn and H a l p i n  i n c l u d e d  a l l  
t r a f f i c  a c c i d e n t  f a t a l i t i e s ,  i n c l u d i n g  t h o s e  i n v o l v i n g  p e d e s t r i a n s  
and b i c y c l i s t s .  When t h o s e  l a t t e r  c a t e g o r i e s  of  f a t a l i t i e s  f o r  1948 
( a  t o t a l  o f  1 0 , 4 5 0  f a t a l i t i e s )  a r e  s u b t r a c t e d  from t h e  Dunn and 
H a l p i n  t o t a l  o f  3 2 , 2 5 9 ,  t h e  r e s u l t i n g  t o t a l  o f  " i n - c a r "  f a t a l i t i e s  
is 2 1 , 8 0 9 .  When 255 b u r n - a s s o c i a t e d  motor  v e h i c l e  f a t a l i t i e s  a r e  
e x p r e s s e d  a s  a  p e r c e n t a g e  of  t h a t  2 1 , 8 0 9 ,  t h e y  r e p r e s e n t  1 . 1 7  p e r -  
c e n t .  
T h a t  1 . 1 7  p e r c e n t  f i g u r e  is c o n s i s t e n t  w i t h  t h e  f i n d i n g s  o f  a  
1973 HSRI s t u d y  ( d i s c u s s e d  l a t e r  i n  t h i s  r e p o r t )  t h a t  i n c l u d e d  an 
a n a l y s i s  of  d e a t h  c e r t i f i c a t e s  f o r  f a t a l i t i e s  i n c u r r e d  i n  f o u r  y e a r s  
o f  motor  v e h i c l e  a c c i d e n t s  i n  t h e  S t a t e  o f  Mich igan .  F a t a l i t i e s  
r e s u l t i n g  from f i r e  i n  motor  v e h i c l e  a c c i d e n t s  were  found t o  be . 9 8  
p e r c e n t  o f  a l l  " i n - c a r "  a c c i d e n t  f a t a l i t i e s ;  and f a t a l i t i e s  accom- 
p a n y i n g  f i r e  i n  motor  v e h i c l e  a c c i d e n t s  were  found t o  be 1 . 6  p e r c e n t  
o f  a l l  " i n - c a r "  a c c i d e n t  f a t a l i t i e s .  
When i t  is c o n s i d e r e d  t h a t  t h e  r a t e  o f  f a t a l i t i e s  i n  a c c i d e n t s  
accompanied by f i r e  r i s e s  s t e a d i l y  a s  a  f u n c t i o n  o f  p r e - c r a s h  s p e e d  
and c r a s h  s e v e r i t y ,  t h e  a d j u s t e d  Dunn and H a l p i n  p e r c e n t a g e  f i g u r e  
o f  1 . 1 7  f o r  t h e  1948  v e h i c l e  p o p u l a t i o n  and r o a d  s y s t e m  would a p p e a r  
t o  be c o n s i s t e n t  w i t h  t h e  1 . 6  p e r c e n t a g e  f i g u r e  d e r i v e d  from t h e  
HSRI s t u d y  o f  1968-1972 a c c i d e n t  d a t a  and d e a t h  c e r t i f i c a t e s .  
R e g a r d l e s s  o f  t h e  above c o n s i d e r a t i o n s ,  i f  one  assumes t h a t  t h e  
Dunn and H a l p i n  s t u d y  a c c u r a t e l y  r e p r e s e n t e d  t h e  s e v e r i t y  o f  t h e  
problem of  f i r e - a s s o c i a t e d  d e a t h s  i n  motor  v e h i c l e  a c c i d e n t s  i n  1948 ,  
t h e n  c u r r e n t  s t a t i s t i c s  show a s i g n i f i c a n t  r e d u c t i o n  i n  s u c h  d e a t h s  
o v e r  t h e  s u c c e e d i n g  two d e c a d e s .  I t  seems u n l i k e l y  t h a t  s u c h  a  
r e d u c t i o n  h a s  a c t u a l l y  o c c u r r e d .  Cons l t l e r  c b a t  Dunn and H a l p i n  r e -  
p o r t e d  t h e  t o t a l  o f  a l l  t y p e s  o f  burn  and f i r e  f a t a l i t i e s  f o r  1948 
a s  a p p r o x i m a t e l y  1 2 , 0 0 0 .  The c u r r e n t  e s k h a t e d  t o t a l  o f  a l l  t y p e s  o f  
b u r n  and f i r e  f a t a l i t i e s  is a l s o  1 2 , 0 0 0  ( a s  r e p o r t e d  by t h e  N a t i o n a l  
Commission on F i r e  P r e v e n t i o n  and C o n t r o l ,  i n  May, 1 9 7 3 ) .  C o n s i d e r  
a l s o  t h a t  t h e  s y s t e m  f o r  r e p o r t i n g  a c c i d e n t s  and c a u s e s  o f  d e a t h  was 
l e s s  d e v e l o p e d  i n  1948 t h a n  i t  is t o d a y .  hIoreover ,  t h e  c h a r a c t e r -  
i s t i c s  o f  t h e  v e h i c l e  p o p u l a t i o n  and t h e  r o a d  s y s t e m  have changed 
s i g n i f i c a n t l y  o v e r  t h e  y e a r s  s i n c e  1948.  T h e r e f o r e ,  r e g a r d l e s s  of  
w h e t h e r  t h e  Dunn and H a l p i n  p e r c e n t a g e  f i g u r e  f o r  f i r e - a s s o c i a t e d  
v e h i c l e - a c c i d e n t  f a t a l i t i e s  s h o u l d  h a v e  been 7 . 9 ,  . 7 9 ,  o r  1 . 1 7 ,  t h e  
f i n d i n g s  a r e  n o t  a  v e r y  r e l i a b l e  b a s i s  f o r  e s t i m a t i n g  c u r r e n t  a n n u a l  
f a t a l i t i e s  i n  motor  v e h i c l e  a c c i d e n t s  accompanied by f i r e .  
4 . 1 . 2  Automobi le  F i r e  i n  C o n n e c t i o n  w i t h  a n  A c c i d e n t  (1964)  
T h i s  s t u d y ,  c o n d u c t e d  by B. J .  Campbell  and J .  K .  K i h l b e r g  a t  
t h e  C o r n e l l  A e r o n a u t i c a l  L a b o r a t o r i e s  i n  B u f f a l o ,  New York,  was 
p u b l i s h e d  i n  t h e  ACIR B u l l e t i n  o f  F e b r u a r y ,  1964.  The p u r p o s e  o f  
t h e  s t u d y  was t o  a s s e s s  t h e  d a n g e r  of  f i r e  i n  r e a r - e n g i n e  a u t o -  
m o b i l e s  i n  a c c i d e n t s .  The i n v e s t i g a t o r s  used d a t a  from t h e  C o r n e l l  
Automobi le  Crash  I n j u r y  R e s e a r c h  (ACIR) Program d a t a  f i l e s .  E n t r i e s  
f o r  3 3 , 2 5 0  a c c i d e n t - i n v o l v e d  p a s s e n g e r  c a r s  were  mach ine-accessed  
f o r  e v i d e n c e  o f  f i r e .  The i n v e s t i g a t o r s  c o n c l u d e d  t h a t  0 . 4 5  p e r -  
c e n t  o f  p a s s e n g e r  c a r s  i n  i n j u r y  a c c i d e n t s  i n v o l v e d  f i r e .  No d i f -  
f e r e n c e  was found i n  t h e  i n c i d e n c e  o f  f i r e  between f r o n t -  and 
r e a r - e n g i n e  p a s s e n g e r  c a r s .  The i n c i d e n c e  o f  f i r e  i n  i n j u r y  a c c i -  
d e n t s  was found t o  be g r e a t e s t  i n  " m o d e r a t e l y  s e v e r e "  a c c i d e n t s .  
4 . 1 . 2 . 1  HSRI E v a l u a t i o n  
T h i s  s t u d y  i n c l u d e d  v e h i c l e s  o n l y  f rom a c c i d e n t s  i n  which a t  
l e a s t  o n e  o c c u p a n t  was i n j u r e d .  The v e h i c l e s  i n v o l v e d  were  U.S .  
and  f o r e i g n  p a s s e n g e r  c a r s  v a r y i n g  w i d e l y  i n  a g e ,  w i t h  model y e a r s  
r a n g i n g  from b e f o r e  1950 up t h r o u g h  1962 .  The f i n d i n g  t h a t  f i r e  
o c c u r r e d  i n  l e s s  t h a n  o n e - h a l f  a  p e r c e n t  o f  a l l  i n j u r y  a c c i d e n t s  is 
s i g n i f i c a n t .  However, t h e  s t u d y  a p p r o p r i a t e l y  d i d  n o t  touch  on t h e  
q u e s t i o n  o f  f i r e - r e l a t e d  f a t a l i t i e s  b e c a u s e  of  t h e  l i m i t e d  sample  
s i z e ,  
O b s e r v a t i o n s  on F i r e  i n  Automobi le  -- A c c i d e n t s  - (1965)  
T h i s  s t u d y  was c o n d u c t e d  by S .  J .  Robinson a t  t h e  C o r n e l l  
A e r o n a u t i c a l  L a b o r a t o r i e s  and p u b l i s h e d  a s  - CAL R e p o r t  VJ-1823-R14 
d a t e d  F e b r u a r y ,  1965 .  I t s  o b j e c t i v e  was t o  d e t e r m i n e  t h e  f r e q u e n c y  
o f  s e c o n d a r y  f i r e s  and t o  r e l a t e  f i r e  a n d , o c c u p a n t  b u r n s  t o  c r a s h  
t y p e  and a c c i d e n t  s e v e r i t y .  The s o u r c e  and b a s e  o f  t h e  d a t a  were  t h e  
same a s  i n  t h e  Campbel l  and K i h l b e r g  s t u d y  d i s c u s s e d  a b o v e .  Robinson 
came t o  f o u r  c o n c l u s i o n s :  ( 1 )  The i n c i d e n c e  o f  f i r e  i n  156 f i r e  
a c c i d e n t s  s t u d i e d  was g r e a t e s t  i n  f r o n t  a 1  i m p a c t s  and i n  r o l l o v e r s  ; 
(2 )  The t o t a l  number o f  r e a r - e n d - i m p a c t  f i r e s  was l e s s  t h a n  h a l f  t h e  
t o t a l  o f  e i t h e r  t h e  f r o n t a l - i m p a c t  f i r e s  o r  t h e  r o l l o v e r  f i r e s ;  ( 3 )  
The i n c i d e n c e  o f  f i r e ,  f i r e  damage,  and f a t a l  burn  i n j u r i e s  was most 
f r e q u e n t  i n  r o l l o v e r  a c c i d e n t s ;  ( 4 )  T h e r e  were  p r o p o r t i o n a t e l y  more 
n o n - f a t a l  b u r n  i n j u r i e s  r e s u l t i n g  from r e a r - e n d  i m p a c t s  t h a n  f rom 
f r o n t a l  c r a s h e s  o r  r o l l o v e r s ,  b u t  t h e r e  were  p r o p o r t i o n a t e l y  fewer  
f a t a l  i n j u r i e s .  
4 . 1 . 3 . 1  HSRI E v a l u a t i o n  
One l i m i t a t i o n  i n  t h e  d a t a  employed i n  t h i s  s t u d y  is t h a t  i t  
o r i g i n a t e d  w i t h  v a r i o u s  i n v e s t i g a t i v e  s o u r c e s ,  s o  t h a t  t h e  q u a l i t y  
and c o m p l e t e n e s s  o f  t h e  d a t a  v a r i e d .  However, t h e  f i n d i n g s  a r e  con- 
s i s t e n t  w i t h  t h o s e  found  i n  comparab le  s t u d i e s .  
4 . 1 . 4  F i r e  i n  Automobi le  A c c i d e n t s  (1969)  
T h i s  s t u d y ,  p u b l i s h e d  a s  R e s e a r c h  R e p o r t  1969-2,  was c o n d u c t e d  
by J .  0 ,  BIoore and D .  B. N e g r i  a t  t h e  New York S t a t e  Depar tment  o f  
Motor V e h i c l e s .  The o b j e c t i v e  o f  t h e  s t u d y  was t o  d e t e r m i n e  t h e  
i n c i d e n c e  o f  f i r e  i n  motor  v e h i c l e  a c c i d e n t s  t h r o u g h  e x a m i n a t i o n  of 
mass a c c i d e n t  d a t a  a t  t h e  s t a t e  l e v e l ,  and t o  i d e n t i f y  f a t a l i t i e s  
r e s u l t i n g  f rom a c c i d e n t s  accompanied by f i r e .  The d a t a  i n c l u d e d  a l l  
p o l i c e  a c c i d e n t  r e p o r t s  ( 6 5 , 1 3 7  r e p o r t s )  f o r  t h e  S t a t e  o f  New York 
c o m p l e t e d  d u r i n g  two s e p a r a t e  months o f  1968 :  March and Sep tember .  
The r e s e a r c h e r s  c o n c l u d e d  t h a t  0 . 0 7  p e r c e n t  o f  t h o s e  a c c i d e n t s  i n -  
v o l v e d  f i r e ;  t h a t  2 .38 p e r c e n t  o f  a l l  t h e  f a t a l  a c c i d e n t s  were  
accompanied by f i r e ;  and t h a t  a c c i d e n t s  which i n c l u d e d  f a t a l i t i e s  
had t h e  g r e a t e s t  i n c i d e n c e  o f  f i r e .  
4 . 1 . 4 . 1  HSRI E v a l u a t i o n  
One l i m i t a t i o n  i n  t h i s  s t u d y  is t h a t  i t  depended upon i n v e s t i -  
g a t i n g  p o l i c e  t o  n o t e  on t h e  p o l i c e  a c c i d e n t  r e p o r t  i f  f i r e  o c c u r r e d  
i n  t h e  a c c i d e n t .  The s t a n d a r d  p o l i c e  r e p o r t i n g  form d i d  no t  i n c l u d e  
an e n t r y  b l a n k  f o r  n o t i n g  t h e  e x i s t e n c e  o f , f i r e ,  nor  d i d  i t  i n c l u d e  
a n y t h i n g  t o  prompt t h e  p o l i c e  o f f i c e r s  t o  r e c o r d  somewhere on t h e  
form t h e  f a c t  t h a t  f i r e  o c c u r r e d ,  i f  i t  o c c u r r e d .  The r e s e a r c h e r s  
a t t e m p t e d  t o  v e r i f y  t h e  f i d e l i t y  o f  t h e  r e p o r t i n g  o f  f i r e  i n  f a t a l  
a c c i d e n t s  by c o n d u c t i n g  a  f o l l o w u p  on a l l  f a t a l  a c c i d e n t  r e p o r t s  
p e r t a i n i n g  t o  one make o f  v e h i c l e .  The HSRI a n a l y s i s  of  t h e  d a t a  
r e p o r t e d  i n  t h i s  s t u d y  p roduced  a  f i g u r e  of  1 . 7  p e r c e n t  f o r  f a t a l  
a c c i d e n t s  i n  which d e a t h  r e s u l t e d  from f i r e ,  a s  d i s t i n g u i s h e d  from 
t h e  2 . 3 8  p e r c e n t  f o r  f a t a l  a c c i d e n t s  i n v o l v i n g  f i r e ,  a s  r e p o r t e d  i n  
t h e  Moore and Negr i  s t u d y  r e p o r t .  
4 . 1 . 5  V e h i c l e  P o s t - C o l l i s i o n  C o n s i d e r a t i o n s  (1970)  
T h i s  s t u d y ,  c o n d u c t e d  by A .  W .  S i e g e l  and A .  M. Nahum of  UCLA, 
was p u b l i s h e d  i n  t h e  I n t e r n a t i o n a l  Automobi le  S a f e t y  Compendium, 
1970.  The s t u d y  d e a l t  w i t h  p o s t - c r a s h  f a c t o r s  i n  a c c i d e n t s - - f i r e ,  
f u e l  l e a k a g e ,  and s e v e r a l  o t h e r  f a c t o r s .  The i n v e s t i g a t o r s  examined 
Los Angeles  C i t y  and County f i r e  d e p a r t m e n t  r e c o r d s  f o r  t h e  p e r i o d  
1966 t o  1969.  They examined r e c o r d s  o f  f i r e  d e p a r t m e n t  r u n s  t o  
d e t e r m i n e  t h e  i n c i d e n c e  of  motor  v e h i c l e  f i r e s  and f u e l  l e a k a g e ,  and 
compared t h i s  w i t h  p o l i c e  a c c i d e n t  d a t a  f o r  t h e  same p e r i o d .  S i e g e l  
and Nahum r e p o r t e d  s e v e r a l  c o n c l u s i o n s :  (1) More t h a n  60 p e r c e n t  o f  
a l l  v e h i c l e  f i r e s  o r i g i n a t e  i n  t h e  e n g i n e  compartment a r e a ;  5  p e r c e n t  
o r i g i n a t e  i n  t h e  f u e l  t a n k / t r u n k  a r e a ;  ( 2 )  V e h i c l e  f i r e s  r e p r e s e n t  
1 8  p e r c e n t  o f  a l l  r e p o r t e d  f i r e s ;  ( 3 )  F i r e s  r e s u l t i n g  from c o l l i s i o n s  
r e p r e s e n t  5  p e r c e n t  o f  a l l  v e h i c l e  f i r e s :  ( 4 )  C o l l i s i o n - i n d u c e d  f i r e s  
r e s u l t e d  i n  12  p e r c e n t  o f  a l l  r e p o r t e d  i n c i d e n t s  o f  f u e l  l e a k a g e :  
( 5 )  F i r e  a n d / o r  f u e l  l e a k a g e  o c c u r s  i n  4  p e r c e n t  o f  a l l  c o l l i s i o n s ;  
( 6 )  V e h i c l e  f i r e s  o c c u r  i n  l e s s  t h a n  0 . 5  p e r c e n t  of  a l l  v e h i c l e  
c o l l i s i o n s ;  and ( 7 )  V e h i c l e  burn  f a t a l i t i e s  numbered a p p r o x i m a t e l y  
50 f o r  t h e  C i t y  of  Los Angeles  d u r i n g  t h e  t h r e e - y e a r  s t u d y  p e r i o d .  
4 . 1 . 5 . 1  HSRI E v a l u a t i o n  
One o f  t h e  c o n c l u s i o n s  o f  t h i s  s t u d y  (number 5 ,  above)  has  o f t e n  
been c i t e d  t o  emphas ize  t h e  s e r i o u s n e s s  of t h e  problem o f  p o s t - c r a s h  
v e h i c l e  f i r e s .  The i n v e s t i g a t o r s  s t a t e  i n  t h e i r  r e p o r t  t h a t  "The 
d a t a  i n d i c a t e  t h e  h i t h e r t o  h i d d e n  f a c t  t h a t  a t ~ u t  1 i n  25  c o l l i s i o n s  
p r o d u c e  f u e l  l e a k a g e  a n d / o r  c o l l i s i o n  f i r e .  " The problem w i t h  t h e  
s t a t e m e n t  is  t h a t  i t  combines  two s e p a r a t e  e v e n t s - - f u e l  l e a k a g e  and 
f i r e - - s o  a s  t o  g i v e  a  m i s l e a d i n g  i m p r e s s i o n  of  t h e  s e r i o u s n e s s  o f  
t h e  problem o f  f u e l  l e a k a g e .  As a l l  a c c i d e n t  i n v e s t i g a t o r s  know, 
f u e l  l e a k a g e  f r e q u e n t l y  s e e n  i n  c r a s h e s  o n l y  i n f r e q u e n t l y  r e s u l t s  i n  
a  f i r e .  F u e l  l e a k a g e  o c c u r s  b e f o r e  f u e l - f e d  f i r e s  o c c u r ,  b u t  i t  is 
a n  u n r e l i a b l e  i n d i c a t o r  of  t h e  f r e q u e n c y  o f  p o s t - c r a s h  v e h i c l e  
f i r e s .  
E x a m i n a t i o n  o f  t h e  Los Ange les  f i r e  d e p a r t m e n t  s t a t i s t i c s  p r e -  
s e n t e d  i n  t h e  S i e g e l  and Nahum r e p o r t  shows why t h e  i n v e s t i g a t o r s  
merged " f u e l  l e a k a g e "  and " c o l l i s i o n  f i r e "  i n  t h e i r  s t a t e m e n t  o f  
f i n d i n g s .  The f i r e  d e p a r t m e n t  s t a t i s t i c  f o r  "washdowns" is p r e -  
s e n t e d  s e p a r a t e l y  f rom t h e  s t a t i s t i c  f o r  " v e h i c l e  f i r e s , "  and i t  is 
i m p o s s i b l e  t o  t e l l  how many o f  t h e  "washdown" c a s e s  i n v o l v e d  o n l y  
f u e l  l e a k a g e  and how many o f  them i n v o l v e d  b o t h  f u e l  l e a k a g e  and 
f i r e  ( o r  o n l y  f i r e ) .  
I n  a n o t h e r  f i n d i n g  (number 7 ,  a b o v e ) ,  S i e g e l  and Nahum e s t i -  
mated t h a t  a p p r o x i m a t e l y  50 f a t a l i t i e s  o c c u r r e d  d u r i n g  t h e  t h r e e -  
y e a r  p e r i o d  a s  a  r e s u l t  o f  v e h i c l e - c r a s h  f i r e s .  They d e t e r m i n e d  
t h i s ,  n o t  by a  d i r e c t  c o u n t ,  b u t  by c o n v e r t i n g  a  Los Angeles  County 
f i g u r e  t o  a  1,os Angeles  C i t y  f i g u r e  on a  p o p u l a t i o n  p r o p o r t i o n  
b a s i s .  The e s t i m a t e  was b a s e d  on a  r a t i o  o f  numbers o f  peop le - -no t  
v e h i c l e s  o r  v e h i c l e  a c c i d e n t s .  T h i s  was n e c e s s a r y  b e c a u s e ,  a s  t h e  
i n v e s t i g a t o r s  s t a t e  i n  t h e i r  r e p o r t ,  t h e  C i t y  o f  Los Angeles  does  
n o t  keep s e p a r a t e  o b i t u a r y  r e c o r d s .  HSRI c o m p u t a t i o n s  employ ing  t h e  
S i e g e l  and Nahum e s t i m a t e  of  50 f a t a l i t i e s  i n  v e h i c l e - c r a s h  f i r e s  
r e s u l t e d  i n  a  p e r c e n t a g e  o f  2 . 7 ,  w h i c h ,  when p r o j e c t e d  t o  t h e  
n a t i o n a l  v e h i c l e - a c c i d e n t  f a t a l i t y  t o t a l  f o r  1 9 7 2 ,  p roduced  a n  e s t i -  
ma te  o f  1 , 2 1 5  a n n u a l  f a t a l i t i e s  i n  motor  v e h i c l e  a c c i d e n t s  accom- 
p a n i e d  by f i r e .  T h i s  e s t i m a t e  is c o n s i d e r a b l y  h i g h e r  t h a n  e s t i m a t e s  
b a s e d  on f i n d i n g s  o f  most  o t h e r  r e s e a r c h  s t u d i e s  examined i n  t h e  
HSRI s t u d y .  T h i s  may be b e c a u s e  t h e  p o p u l a t i o n  o f  p e o p l e ,  v e h i c l e s ,  
and roadways i n  t h e  Los Angeles  a r e a  is n o t  r e p r e s e n t a t i v e  o f  t h e  
U n i t e d  S t a t e s .  
4 . 1 . 6  HSRC Repor t  on Pos t -Crash  F i r e s  (1973) 
T h i s  s t u d y ,  conduc ted  by B.  J .  Campbell a t  t h e  Highway S a f e t y  
R e s e a r c h  C e n t e r  o f  t h e  U n i v e r s i t y  o f  North  C a r o l i n a ,  h a s  t h u s  f a r  
been r e p o r t e d  on o n l y  b r i e f l y  i n  t h e  n e w s l e t t e r  - The Acc iden t  
R e p o r t e r ,  HSRC, F e b r u a r y ,  1973.  The r e p o r t e d  o b j e c t i v e  o f  t h e  
s t u d y  was t o  d e t e r m i n e  t h e  f r e q u e n c y  and s e v e r i t y  o f  p o s t - c r a s h  
f i r e s  i n  p a s s e n g e r  v e h i c l e s .  The d a t a  base  was 240 ,000  a c c i d e n t  
n a r r a t i v e s  from North C a r o l i n a  p o l i c e  a c c i d e n t  r e p o r t s .  The in -  
v e s t i g a t o r s  compute r - sea rched  e a c h  a c c i d e n t  n a r r a t i v e  f o r  c e r t a i n  
key words which might  r e l a t e  t h a t  a c c i d e n t  t o  a  p o s t - c r a s h  f i r e - -  
" f l a m e s , "  " b u r n , "  e t c .  T h i s  method r e s u l t e d  i n  i d e n t i f i c a t i o n  of  
"about  100 c a s e s "  of  p o s t - c r a s h  f i r e  i n  p a s s e n g e r  c a r s  i n  t h e  
240 ,000  a c c i d e n t s  s e a r c h e d .  B. J .  Campbell  s t a t e d  i n  t h e  a r t i c l e  
t h a t  no s p a c e  is p r o v i d e d  on t h e  s t a n d a r d  North  C a r o l i n a  a c c i d e n t  
r e p o r t  form f o r  n o t i n g  t h e  o c c u r r e n c e  o f  p o s t - c r a s h  f i r e s .  
4 . 1 . 6 . 1  HSRI E v a l u a t i o n  
The s t u d y  f i n d i n g  of  o n l y  100 c a s e s  o f  p o s t - c r a s h  v e h i c l e  f i r e  
i n  a  p o p u l a t i o n  o f  240 ,000  a c c i d e n t s  is n o t  s i g n i f i c a n t  because  of  
t h e  u n r e l i a b i l i t y  of  t h e  a c c i d e n t  r e p o r t  n a r r a t i v e s .  I t  is unknown 
how many i n s t a n c e s  o f  f i r e  o c c u r r e d  bu t  were u n r e p o r t e d .  One can  
c o n j e c t u r e  t h a t  more f i r e s  o c c u r r e d  t h a n  were r e p o r t e d ,  bu t  how many 
more is unknown. 
4 . 1 . 7  Escape-Worthiness  of V e h i c l e s  and Occupant S u r v i v a l  (1970) 
T h i s  s t u d y ,  conduc ted  by C. M .  S l i e p c e v i c h  and s e v e r a l  o t h e r s  
a t  t h e  U n i v e r s i t y  o f  Oklahoma Research  I n s t i t u t e ,  was p u b l i s h e d  a s  
a  f i n a l  r e p o r t  on NHTSA C o n t r a c t  No. FH-11-7303, d a t e d  December, 
1970.  T h i s  was a  m u l t i d i s c i p l i n a r y  s t u d y  of  t h e  f a c t o r s  i n v o l v e d  
i n  e s c a p e  of  o c c u p a n t s  from c r a s h e d  v e h i c l e s  i n c a p a c i t a t e d  on l a n d ,  
submerged i n  w a t e r ,  o r  i n v o l v e d  i n  f i r e .  The c o n c l u s i o n s  s t a t e d  i n  
t h e  s t u d y  r e p o r t  a r e  a s  f o l l o w s :  
( 1 )  N a t i o n a l  s t a t i s t i c s  on motor v e h i c l e  f i r e s  and 
motor v e h i c l e  submergence a r e  u n r e l i a b l e .  
( 2 )  S i n c e  t h e  Dunn and H a l p i n  s t u d y  was based  upon 
f a t a l  i n j u r y  d a t a  t h a t  is more r e l i a b l e  t h a n  t h a t  
a p p e a r i n g  on a c c i d e n t  r e p o r t s ,  i t s  r e s u l t s  a r e  
f a r  more c r e d i b l e  t h a n  o t h e r  t a b u l a t i o n s .  
( 3 )  T r a f f i c  d e a t h s  i n  motor  v e h i c l e  a c c i d e n t s  
i n v o l v i n g  f i r e  a c c o u n t  f o r  a b o u t  3 , 5 0 0  
f a t a l i t i e s  p e r  y e a r .  
4 . 1 . 7 . 1  HSRI E v a l u a t i o n  
One way o f  r e g a r d i n g  t h e  t h r e e  c o n c l u s i o n s  o f  t h i s  s t u d y  r e -  
l e v a n t  t o  t h e  problem of  f i r e  i n  motor  v e h i c l e  a c c i d e n t s  is t o  r e a s o n  
t h a t  ( 1 )  d i s c o u n t s  ( 2 )  and a l s o  ( 3 ) ,  b e c a u s e ,  a s  t h e  n a r r a t i v e  o f  
t h e  r e p o r t  i n d i c a t e s ,  ( 3 )  is b a s e d  on  ( 2 ) .  S l i e p c e v i c h  and h i s  
a s s o c i a t e s  e v i d e n t l y  r e g a r d e d  t h e  Dunn and  H a l p i n  f i n d i n g s  a s  b o t h  
u n r e l i a b l e  and t h e  most c r e d i b l e .  Given t h e  p a u c i t y  o f  r e l i a b l e  
s t a t i s t i c s  i n  t h i s  s u b j e c t  a r e a ,  i t  is e a s y  t o  u n d e r s t a n d  how t h e y  
a r r i v e d  a t  t h a t  p o s i t i o n .  However, t h e  s t u d y  produced no f i n d i n g s  
t e n d i n g  t o  c o n f i r m  o r  deny any  o t h e r  s t u d y  f i n d i n g s  on t h e  q u e s t i o n  
o f  f a t a l i t i e s  i n  motor  v e h i c l e  a c c i d e n t s  accompanied by f i r e .  A 
l a t e r  s t u d y  by t h e  same i n v e s t i g a t o r s  d i d ,  and is d i s c u s s e d  below.  
4 . 1 . 8  Escape-Wor th iness  o f  V e h i c l e s  f o r  Occupancy S u r v i v a l s  and 
C r a s h e s  (1972)  
T h i s  s t u d y ,  conduc ted  by C.  M .  S l i e p c e v i c h  and o t h e r s  a t  t h e  
U n i v e r s i t y  of Oklahoma R e s e a r c h  I n s t i t u t e ,  was p u b l i s h e d  a s  a  f i n a l  
r e p o r t  on NHTSA C o n t r a c t  No. FH-11-7512, d a t e d  J u l y ,  1972.  A s  w i t h  
t h e  1970 s t u d y ,  t h i s  was a  m u l t i d i s c i p l i n a r y  i n v e s t i g a t i o n  o f  f a c t o r s  
i n v o l v e d  i n  t h e  e s c a p e  o f  o c c u p a n t s  from c r a s h e d  v e h i c l e  e n v i r o n -  
ments  i n  which t h e  v e h i c l e  is i n c a p a c i t a t e d  on l a n d ,  submerged i n  
w a t e r ,  o r  i n v o l v e d  i n  f i r e .  The i n v e s t i g a t o r s  examined Oklahoma and 
Kansas a c c i d e n t  d a t a  f o r  1970-1971 a s  w e l l  a s  d e a t h  c e r t i f i c a t e s  and 
newspaper c l i p p i n g s .  T h e i r  c o n c l u s i o n s  were  a s  f o l l o w s  : 
( 1 )  Based on two y e a r s  o f  a c c i d e n t  e x p e r i e n c e ,  4 . 7  
p e r c e n t  o f  a l l  Oklahoma motor  v e h i c l e  f a t a l i t i e s  
and 4 . 9  p e r c e n t  o f  a l l  Kansas motor  v e h i c l e  
f a t a l i t i e s  were  d e a t h s  i n  a c c i d e n t s  accompanied 
by f i r e .  
(2 )  S i m i l a r l y ,  3 . 3  p e r c e n t  o f  a l l  Oklahoma motor 
v e h i c l e  f a t a l i t i e s  and 2 . 5  p e r c e n t  o f  a l l  Kansas 
motor  v e h i c l e  f a t a l i t i e s  were  d e a t h s  r e s u l t i n g  
from f i r e ,  
(3 )  E i g h t  p e r c e n t  o f  p o s t - c r a s h  f i r e s  r e s u l t e d  
from f r o n t a l  c o l l i s i o n s .  
( 4 )  F i f t y  p e r c e n t  o f  p o s t - c r a s h  f i r e s  r e s u l t e d  
from r e a r - e n d  c o l l i s i o n s .  
(5)  Two- th i rds  of  a l l  p o s t - c r a s h  f i r e s  o c c u r r e d  
i n  p a s s e n g e r  c a r s .  
( 6 )  More t h a n  h a l f  o f  t h e  a c c i d e n t s  r e s u l t i n g  i n  
p o s t - c r a s h  f i r e s  i n v o l v e d  a  s i n g l e  v e h i c l e  
s t r i k i n g  an o b j e c t  o r  r u n n i n g  o f f  t h e  r o a d .  
4 . 1 . 8 . 1  HSRI E v a l u a t i o n  
The f i n d i n g s  i n  t h i s  s t u d y  w i t h  r e s p e c t  t o  t h e  p e r c e n t  o f  
f a t a l i t i e s  r e s u l t i n g  from f i r e  and t h e  p e r c e n t  o f  f a t a l i t i e s  i n  
a c c i d e n t s  accompanied by f i r e  a r e  s i g n i f i c a n t l y  h i g h e r  t h a n  t h o s e  
found i n  s e v e r a l  o t h e r  comparable  s t u d i e s  d i s c u s s e d  i n  t h i s  p r e s e n t  
r e p o r t ,  No o b v i o u s  r e a s o n  f o r  t h i s  d i s c r e p a n c y  was d i s c o v e r e d ,  
e i t h e r  i n  e x a m i n a t i o n  o f  t h e  s t u d y  r e p o r t  o r  i n  p e r s o n a l  c o n v e r s a t i o n  
w i t h  t h e  p r i n c i p a l  a u t h o r ,  C. M .  S l i e p c e v i c h .  However, Mr. 
S l i e p c e v i c h ,  i n  r e s p o n d i n g  t o  a  q u e s t i o n  d u r i n g  a  p r o f e s s i o n a l  con- 
f e r e n c e  i n  1973 ,  s t a t e d  p u b l i c l y  t h a t  t h e  p e r c e n t a g e  f i n d i n g s  pub- 
l i s h e d  i n  h i s  r e p o r t  s h o u l d  n o t  be used a s  a  b a s e  f o r  p r o j e c t i o n  of  
n a t i o n a l  f a t a l i t i e s  because  o f  b i a s e s  i n  t h e  Oklahoma and Kansas 
d a t a  used i n  h i s  s t u d y .  He d i d  no t  d e s c r i b e  t h e  n a t u r e  o f  t h e  b i a s e s  
d u r i n g  t h e  1973 c o n f e r e n c e ,  nor  d i d  he do s o  d u r i n g  t h e  t e l e p h o n e  
c o n v e r s a t i o n  w i t h  t h i s  a u t h o r  i n  March, 1974.  
4 . 2  Ana lvses  o f  HSRI Data 
The HSRI a c c i d e n t  d a t a  f i l e  a n a l y z e d  i n  t h i s  s t u d y  o f  f i r e  i n  
motor  v e h i c l e  a c c i d e n t s  is c a l l e d  t h e  C o l l i s i o n  Performance and 
I n j u r y  Repor t  (CPIR) f i l e .  T h i s  c o m p u t e r i z e d  f i l e ,  d e s c r i b e d  by t h e  
HSRI d a t a  codebook,  C o l l i s i o n  Per fo rmance  and I n j u r y  R e p o r t ,  R e v i s i o n  
3 ,  O c t o b e r ,  1973 ,  c o n t a i n s  more t h a n  4 , 0 0 0  c a s e s  o f  p a s s e n g e r  c a r  
a c c i d e n t s  i n v e s t i g a t e d  and r e p o r t e d  by p r o f e s s i o n a l  i n v e s t i g a t o r s ,  
i n c l u d i n g  m u l t i d i s c i p l i n a r y  a c c i d e n t  i n v e s t i g a t i o n  t e a m s ,  i n  t h e  
c o u r s e  o f  s t u d i e s  s p o n s o r e d  by t h e  Motor V e h i c l e  M a n u f a c t u r e r s  
A s s o c i a t i o n ,  t h e  N a t i o n a l  Highway T r a n s p o r t a t i o n  S a f e t y  Admini- 
s t r a t i o n ,  and t h e  Canadian Depar tment  o f  T r a n s p o r t a t i o n .  These  
s t u d i e s  were conduc ted  d u r i n g  t h e  p e r i o d  1967 t o  1973 ,  w i t h  
i n v e s t i g a t o r s  u s i n g  t h e  s t a n d a r d i z e d  a c c i d e n t  v e h i c l e  e v a l u a t i o n  
form ent1"t led  t h e  C o l l i s i o n  Per fo rmance  and I n j u r y  R e p o r t ,  R e v i s i o n  
111, The s t r e n g t h  of  t h e  d a t a  i n  t h e  CPIR d a t a  bank c o n s t r u c t e d  
from t h o s e  r e p o r t s  s t e m s  from t h e  comprehens iveness  o f  t h e  i n v e s t i -  
g a t i o n s  and t h e  d e p t h  o f  d e t a i l e d  i n f o r m a t i o n  o b t a i n e d  on e a c h  a c c i -  
d e n t  c a s e .  Each f i l e  e n t r y  f o r  a  s i n g l e  a c c i d e n t  c o n t a i n s  up t o  600 
d i s c r e t e  i t e m s  of  i n f o r m a t i o n ,  d e p e n d i n g  on t h e  e x t e n t  and c o m p l e x i t y  
o f  t h e  a c c i d e n t .  T h i s  i n f o r m a t i o n  is a r r a y e d  i n  t h r e e  s e p a r a t e  f i l e s  
o f  t h e  CPIR d a t a  bank:  t h e  V e h i c l e  F i l e ,  Occupant F i l e ,  and I n j u r y  
F i l e .  These  d a t a  were  a n a l y z e d  i n  t e rms  o f  key v a r i a b l e s  r e l e v a n t  t o  
t h e  problem o f  f i r e  i n  motor  v e h i c l e  a c c i d e n t s .  
The HSRI CPIR d a t a  bank is s u p e r i o r  t o  t h e  l a r g e  and d i v e r s e  
body o f  p o l i c e - r e p o r t e d  a c c i d e n t  d a t a  compi led  by t h e  v a r i o u s  s t a t e  
d e p a r t m e n t s  o f  p u b l i c  s a f e t y  b e c a u s e  i t  c o n t a i n s  r e l i a b l e  i n f o r -  
m a t i o n  c o n c e r n i n g  v e h i c l e  f i r e s  accompanying a c c i d e n t s .  However, t h e  
CPIR d a t a  f i l e  is n o t  a r e p r e s e n t a t i v e  sample  o f  a  w e l l - d e f i n e d  
p o p u l a t i o n  o f  a c c i d e n t s .  T h e r e f o r e ,  t h e  r e s u l t s  o f  i n t e r - f a c t o r  
a n a l y s e s  of  t h e  CPIR f i l e  had t o  be f i t t e d  t o  some body o f  r e p r e -  
s e n t a t i v e  a c c i d e n t  d a t a  s o  a s  t o  p roduce  f i n d i n g s  o f '  r e l a t i o n s h i p s  
between a c c i d e n t  t y p e ,  damage a r e a  and e x t e n t ,  f u e l  l e a k a g e ,  and 
f i r e .  The body o f  a c c i d e n t  d a t a  s e l e c t e d  f o r  a p p l i c a t i o n  o f  t h e  
CPIR f i n d i n g s  was t h e  S t a t e  o f  Texas Depar tment  o f  P u b l i c  S a f e t y  
A c c i d e n t  F i l e  f o r  1972.  T h i s  f i l e ,  m a i n t a i n e d  by HSRI, c o n s i s t s  o f  
a  5  p e r c e n t  random sample  o f  a l l  p o l i c e - r e p o r t e d  Texas a c c i d e n t s  i n  
t h e  1972 c a l e n d a r  y e a r .  I t  c o n t a i n s  2 1 , 0 0 0  a c c i d e n t  c a s e s  i n v o l v i n g  
3 6 , 5 0 5  v e h i c l e s .  
The CPIR a c c i d e n t  d a t a  f i l e  is n o t  a  r e p r e s e n t a t i v e  sample  o f  
t h e  n a t i o n a l  p o p u l a t i o n  o f  motor  v e h i c l e  a c c i d e n t s  b e c a u s e  o f  
a c c i d e n t - s e l e c t i o n  c r i t e r i a  employed i n  t h e  m u l t i d i s c i p l i n a r y  c a s e  
s t u d i e s  from which i t  is d e r i v e d .  The d a t a  a r e  b i a s e d  toward s e v e r e  
and i n j u r y - p r o d u c i n g  a c c i d e n t s  a s  w e l l  a s  toward l a t e - m o d e l  p a s s e n g e r  
c a r s .  That  i s ,  b e c a u s e  o f  t h e  p a r t i c u l a r  i n t e r e s t s  o f  t h e  a c c i d e n t  
i n v e s t i g a t o r s ,  most o f  t h e  s t u d i e s  c o n c e n t r a t e d  on s e v e r e  a c c i d e n t s  
i n v o l v i n g  l a t e - m o d e l  c a r s ,  t o  t h e  e x c l u s i o n  o f  minor  a c c i d e n t s  i n -  
v o l v i n g  a l l  model y e a r s  and s e v e r e  a c c i d e n t s  i n v o l v i n g  o l d e r  c a r s .  
However, t h o s e  b i a s e s  i n  t h e  CPIR d a t a  have a  l e s s e r  e f f e c t  on t h e  
v a l i d i t y  o r  r e l i a b i l i t y  o f  f i n d i n g s  from a n a l y s e s  o f  r e l a t i o n s h i p s  
among v a r i a b l e s  i n  t h e  CPIR a c c i d e n t  d a t a .  T h e s e  a r e  l i m i t e d ,  o f  
c o u r s e $ *  where  t h e  CPIR d a t a  f i l e  d o e s  n o t  c o n t a i n  s u f f i c i e n t  numbers 
o f  c a s e s  t o  p e r m i t  v a l i d  i n f e r e n c e s .  
4 . 2 ; l  CPIR F i r e  Da ta  
The g r o u p  o f  p a s s e n g e r  c a r  a c c i d e n t  v e h i c l e s  i n  t h e  CPIR f i l e  
s e l e c t e d  i n i t i a l l y  f o r  a n a l y s i s  i n c l u d e d  3 , 2 9 1  p a s s e n g e r  c a r s  and 
e x c l u d e d  t r u c k s ,  b i c y c l e s ,  and o t h e r  n o n - p a s s e n g e r - c a r  v e h i c l e s .  Of 
t h e  3 , 2 9 1  v e h i c l e s ,  5 1  ( 1 . 3 7  p e r c e n t )  were  found  t o  have been f i r e -  
i n v o l v e d .  
Of t h o s e  5 1  v e h i c l e s ,  42 were  examined i n  d e t a i l  by r e a d i n g  t h e  
"ha rd  copy" a c c i d e n t  c a s e  s t u d y  r e p o r t  f i l e d  by t h e  i n v e s t i g a t o r s .  
Ten d e a t h s  were  n o t e d  i n  which b u r n s  c o n t r i b u t e d  t o  t h e  d e a t h  o f  t h e  
o c c u p a n t s .  T h r e e  o f  t h o s e  t e n  p e r s o n s  d i e d  i n  an  i n t e r s e c t i o n  
c o l l i s i o n  w i t h  a  f u e l  t a n k e r ,  r e s u l t i n g  i n  a  c o n f l a g r a t i o n .  T h r e e  
o t h e r s  d i e d  i n  s e v e r e  f r o n t a l  c r a s h e s .  T h r e e  o t h e r s  d i e d  i n  r e a r -  
end  c r a s h e s .  One d e a t h  r e s u l t e d  f rom an e l e c t r i c a l  f i r e  i n  which 
t h e  v e h i c l e ' s  f u e l  s y s t e m  was n o t  i n v o l v e d .  Of t h e  t h r e e  burn d e a t h s  
i n  r e a r - e n d  c r a s h e s ,  two o f  t h e  v e h i c l e s  were  s m a l l  f o r e i g n  
p a s s e n g e r  c a r s .  
These  P r e q u e n c i e s  c a n n o t  b e  v iewed a s  b e i n g  s t a t i s t i c a l l y  r e -  
p r e s e n t a t i v e  o f  t h e  g e n e r a l  p o p u l a t i o n  o f  v e h i c l e  a c c i d e n t s ,  b u t  they  
do  show t h e  o c c u r r e n c e  o f  f i r e  w i t h  b o t h  s e v e r e  f r o n t a l  c r a s h e s  and 
r e a r - e n d  c r a s h e s .  
A s u b s e t  of  t h e  CPIR d a t a  f i l e  was a l s o  a n a l y z e d .  T h i s  s u b s e t  
c o n s i s t e d  o f  a c c i d e n t s  i n v o l v i n g  new American-manufactured p a s s e n g e r  
c a r s  towed away f rom t h e  s c e n e  o f  t h e  c o l l i s i o n ,  w h e t h e r  o r  n o t  t h e  
a c c i d e n t  p r o d u c e d  o c c u p a n t  i n j u r i e s .  Of t h e  1 , 3 0 5  v e h i c l e s  i n  t h i s  
g r o u p ,  6 e x p e r i e n c e d  minor  f i r e s ,  2  e x p e r i e n c e d  m a j o r  f i r e s ,  and 52 
e x h i b i t e d  f u e l  l e a k a g e .  Of v e h i c l e s  e x h i b i t i n g  f u e l  Leakage,  25 
p e r c e n t  o f  them had been s t r u c k  i n  t h e  r e a r ,  7 p e r c e n t  had r o l l e d  
o v e r ,  a n d  s m a l l e r  p e r c e n t a g e s  o f  them had b e e n  i n v o l v e d  i n  f r o n t a l  
o r  s i d e  c o l l i s i o n s .  
4 . 2 . 2  CPIR F u e l  Leakage Da ta  
Al though  f u e l  l e a k a g e  f r e q u e n t l y  r e s u l t s  from minor  c o l l i s i o n s ,  
f u e l  l e a k a g e  i n  minor  c o l l i s i o n s  is u s u a l l y  n o t  accompanied by f i r e .  
However, s i n c e  most p o s t - c r a s h  f i r e s  a r e  f u e l - f e d  f i r e s - - a s  opposed 
t o  e l e c t r i c a l  o r  i n t e r n a l - m a t t e r  f i r e s - - t h e  p r e s e n c e  o f  f u e l  l e a k a g e  
may be viewed a s  a  p r e r e q u i s i t e  f i r e  c o n d i t i o n ,  and i t  is c e r t a i n l y  
a  c r i t i c a l  p i e c e  o f  e v i d e n c e  f o r  any s t u d y  o f  p o s t - c r a s h  v e h i c l e  
f i r e s .  The NHTSA h a s  e s t a b l i s h e d  Motor V e h i c l e  S a f e t y  S t a n d a r d  #301 
i n  a n  a t t e m p t  t o  r e d u c e  f i r e s  i n  motor v e h i c l e  a c c i d e n t s .  The mea- 
s u r e  o f  m e r i t  r e l a t i v e  t o  f u e l  s y s t e m  i n t e g r i t y  i n  c r a s h  t e s t s  
s p e c i f i e d  by t h i s  newly amended s t a n d a r d  is  t h e  r a t e  of  f l o w  of  f u e l  
l e a k a g e .  
The one d a t a  s o u r c e  where f u e l  l e a k a g e  is s p e c i f i c a l l y  no ted  i n  
a c c i d e n t s  is t h e  HSRI CPIR F i l e .  I n  t h e s e  c a s e s ,  a  p r o f e s s i o n a l  
a c c i d e n t  i n v e s t i g a t o r  d e t e r m i n e d  whe the r  f u e l  l e a k a g e  o c c u r r e d  a s  a  
r e s u l t  o f  t h e  a c c i d e n t .  Only t h e  p r e s e n c e  o f  l e a k e d  f u e l  was n o t e d .  
The q u a n t i t y  o f  l e a k e d  f u e l ,  o r  its r a t e  o f  f l o w ,  was n o t  measured.  
A n a l y s i s  o f  t h e  CPIR F i l e  showed t h a t  7 . 5  p e r c e n t  of  a c c i d e n t  
v e h i c l e s  i n  t h e  f i l e  e v i d e n c e d  p o s t - c r a s h  f u e l  l e a k a g e ,  CPIR d a t a  
r e l a t i n g  t o  t h e  v e h i c l e s  r e p r e s e n t e d  by t h a t  7 .5  p e r c e n t  were ana-  
l y z e d  i n  terms o f  t h e  t y p e s  o f  a c c i d e n t s  t h e  v e h i c l e s  were i n v o l v e d  
i n  and t h e  t y p e s  of  damage t h e y  s u s t a i n e d ,  
S i n g l e - v e h i c l e  a c c i d e n t s  ( r o l l o v e r ,  s t r i k i n g  f i x e d  o b j e c t s ,  l o s s  
o f  c o n t r o l )  were found t o  r e p r e s e n t  t h e  l a r g e s t  p r o p o r t i o n  o f  a c c i -  
d e n t s  w i t h  f u e l  l e a k a g e .  (The t h r e e  c a t e g o r i e s  o f  a c c i d e n t  des -  
c r i p t o r s  a r e  not  m u t u a l l y  e x c l u s i v e ;  t h a t  is ,  one a c c i d e n t  c o u l d  
i n c l u d e  l o s s  o f  c o n t r o l ,  r o l l o v e r ,  and s t r i k i n g  of a  f i x e d  o b j e c t .  
Hence,  t o  a  c e r t a i n  e x t e n t ,  t h e  c a t e g o r i e s  a r e  i n t e r d e p e n d e n t . )  The 
h i s t o g r a m  i n  F i g u r e  1 shows t h a t  r o l l o v e r s ,  f i x e d  o b j e c t  i m p a c t s ,  
and ran-off - roadway a c c i d e n t s  accoun t  f o r  1 0 ,  3 0 ,  and 30 p e r c e n t ,  
r e s p e c t i v e l y ,  of  a c c i d e n t s  i n  t h e  CPIR f i l e .  The c r o s s - h a t c h e d  
a r e a s  i n  F i g u r e  1 r e p r e s e n t  t h e  f i n d i n g  t h a t  f u e l  l e a k a g e  o c c u r r e d  
i n  1 6 ,  1 0 ,  and 10  p e r c e n t ,  r e s p e c t i v e l y ,  of  t h o s e  t y p e s  of a c c i d e n t s ,  
The a n a l y s i s  o f  a l l  a c c i d e n t  t y p e s  showed t h a t  f u e l  l e a k a g e  o c c u r r e d  
i n  6 . 5  p e r c e n t  o f  t h e  t o t a l  a c c i d e n t  p o p u l a t i o n  i n  t h e  CPIR f i l e .  
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4 . 2 . 3  CPIR F u e l  Leakage by Damage Area 
When damaged a r e a s  o f  a c c i d e n t  v e h i c l e s  were r e l a t e d  t o  t h e  
o c c u r r e n c e  o f  f u e l  l e a k a g e ,  r e a r - a r e a  damage was found t o  r e s u l t  i n  
t h e  h i g h e s t  i n c i d e n c e  o f  f u e l  l e a k a g e .  The o v e r a l l  f i n d i n g s  a r e  
i l l u s t r a t e d  i n  F i g u r e  2 .  F i g u r e  2  p r e s e n t s  t h e  i n c i d e n c e  o f  f u e l  
l e a k a g e  a s  a  p e r c e n t  o f  a l l  f u e l - l e a k a g e  a c c i d e n t s  i n v o l v i n g  damage 
t o  p a r t i c u l a r  a r e a s  of  v e h i c l e s .  These d a t a  a r e  i n c o r p o r a t e d  i n  a  
V e h i c l e  Damage Index ( V D I )  e s t a b l i s h e d  on e a c h  v e h i c l e  i n v o l v e d  i n  
a n  a c c i d e n t ,  and were used a s  a  b a s i s  f o r  c l a s s i f y i n g  t h e  l o c a t i o n  
and e x t e n t  of  d e f o r m a t i o n  i n  c o l l i s i o n s .  For  example ,  t h e  p e r c e n t -  
a g e  f i g u r e  of  1 2 . 5  a t  t h e  bot tom o f  t h e  f i g u r e  means t h a t  1 2 . 5  p e r -  
c e n t  o f  a l l  c a s e s  o f  f u e l  l e a k a g e  r e s u l t i n g  from a c c i d e n t s  o c c u r s  i n  
a c c i d e n t s  i n  which t h e  v e h i c l e  is damaged on i ts l e f t  s i d e ,  The 
a r e a  l o c a t i o n s  ( such  a s  r e a r - c e n t e r ,  f r o n t - r i g h t ,  e t c , )  a r e  m u t u a l l y  
e x c l u s i v e ;  t h a t  i s ,  damage n o t e d  by t h e  a c c i d e n t  i n v e s t i g a t o r  a s  t h e  
r e a r - c e n t e r  is no t  a l s o  i n c l u d e d  a s  r e a r - c e n t e r  and l e f t ,  r e a r - c e n t e r  
and r i g h t ,  o r  r e a r - d i s t r i b u t e d .  
T h i s  damage l o c a t i o n  d i s t r i b u t i o n  a l s o  i n d i c a t e s  t h a t  r e a r - a r e a  
damage is more o f t e n  accompanied by f u e l  l e a k a g e .  The p e r c e n t a g e s  
shown i n  t h e  f i g u r e  mean t h e  p e r c e n t a g e  o f  t i m e s  f u e l  l e a k a g e  was 
n o t e d  when t h i s  damage o c c u r r e d .  One n o t a b l e  f e a t u r e  i n  t h i s  s k e t c h  
is t h e  r e a r - l e f t  c o r n e r  of  accident-damaged v e h i c l e s ,  where t h i s  
damage was accompanied by f u e l  l e a k a g e  o n l y  5 .9  p e r c e n t  o f  t h e  t i m e .  
T h i s  compares w i t h  2 2 . 2  p e r c e n t  f o r  t h e  r e a r - r i g h t  c o r n e r ,  and  2 3 . 5  
p e r c e n t  f o r  t h e  r e a r - c e n t e r  a r e a .  T h i s  may be t h e  r e s u l t  of  a  
t e n d e n c y  t o  a s s i g n  damage t o  t h e  v e h i c l e ' s  l e f t  s i d e - r e a r  when t h e  
l e f t - r e a r  c o r n e r  o f  t h e  v e h i c l e  is a c t u a l l y  damaged. F u e l  f i l l e r  
p i p e s  a r e  o f t e n  l o c a t e d  on t h e  l e f t  s i d e - r e a r ,  which may e x p l a i n  why 
t h e  i n c i d e n c e  o f  f u e l  l e a k a g e  r e l a t e d  t o  damage i n  t h i s  a r e a  ( 2 2 . 7  
p e r c e n t )  is much h i g h e r  t h a n  t h e  i n c i d e n c e  r e l a t e d  t o  o t h e r  s i d e  
a r e a s  o f  t h e  v e h i c l e .  Note a l s o  t h e  h i g h e r  p e r c e n t a g e  f o r  l e f t - s i d e -  
d i s t r i b u t e d  damage ( 1 2 . 5  p e r c e n t )  t h a n  f o r  r i g h t - s i d e - d i s t r i b u t e d  
damage ( 5 . 3  p e r c e n t ) .  Such b r o a d l y  d i s t r i b u t e d  s ide-damage is most 
c h a r a c t e r i s t i c  o f  r o l l o v e r  o r  s i d e - s w i p e  c o l l i s i o n s .  The l e f t  s i d e  
o f  a v e h i c l e  is a l s o  t h e  s i d e  most o f t e n  exposed t o  g r e a t e r  damage 
a s  a  r e s u l t  o f  t h e  American s y s t e m  o f  d r i v i n g  on t h e  r i g h t  s i d e  of  
t h e  r o a d .  
FIG. 2 
FUEL LEAKAGE BY DAMAGE AREAS 
(THE FREQUENCY OF CASES OF FUEL LEAKAGE I N  
ACCIDENT VEHICLES DAMAGED I N  SPECIFIC AREAS, BY PERCENT.) 
5.3 
SOURCE: HSRl  CPlR Data File 
4 . 2 . 4  CPIR F u e l  Leakage by C o l l i s i o n  Force  
F u e l  l e a k a g e  by c o l l i s i o n  f o r c e  v e c t o r  about  t h e  v e h i c l e ,  a l o n g  
w i t h  damage s e v e r i t y ,  is i l l u s t r a t e d  i n  F i g u r e  3 .  F i g u r e  3 p r e s e n t s  
t h e  f i n d i n g s  of  a n  a n a l y s i s  o f  d i r e c t i o n - o f - i m p a c t  f o r c e s  and e x t e n t  
o f  damage ( a s  documented and r e c o r d e d  i n  t h e  C o l l i s i o n  Deformat ion 
C l a s s i f i c a t i o n ,  SAE Recommended P r a c t i c e ,  SAE T e c h n i c a l  Repor t  
J 2 2 4 a ,  R e v i s i o n  of F e b r u a r y ,  1972) a s  t h e y  r e l a t e  t o  f u e l  l e a k a g e .  
The c o l l i s i o n  f o r c e  v e c t o r  d i f f e r s  from t h e  a r e a  of  damage. I t  
r e p r e s e n t s  t h e  d i r e c t i o n  of  t h e  p r i n c i p a l  r e s u l t a n t  f o r c e  o f  impac t .  
A v e h i c l e  s t r u c k  a t  8 o ' c l o c k ,  f o r  example ,  c o u l d  s u s t a i n  damage 
( c r u s h  and s h e e t  m e t a l  d i s p l a c e m e n t )  from t h e  l e f t - f r o n t  c o r n e r  a l l  
a l o n g  t h e  l e f t  s i d e  t o  t h e  l e f t - r e a r  c o r n e r ,  and a l o n g  t h e  r e a r  t o  
t h e  r e a r - r i g h t  c o r n e r .  I f  t h e  f o r c e  which induced t h i s  damage was 
i n c i d e n t  t o  t h e  v e h i c l e  a t  a  p o s i t i o n  o f  8 o ' c l o c k  w i t h  r e s p e c t  t o  
t h e  v e h i c l e ' s  l o n g i t u d i n a l  a x i s ,  i t  would be coded a s  a n  "8" r e g a r d -  
l e s s  o f  t h e  l o c a t i o n  o f  t h e  r e s u l t a n t  damage. Damage, o r  d e f o r m a t i o n  
e x t e n t ,  is coded i n  9  s t e p s  ( 1 , 2  . . .  9 )  which r e p r e s e n t  t h e  d e g r e e  o f  
inward c r u s h .  Zones 1 th rough  5 i n  t h i s  c o d e ,  f o r  example ,  r e p r e -  
s e n t  f r o n t a l  d i s p l a c e m e n t  up t o  t h e  w i n d s h i e l d .  Zone 9  (most s e v e r e  
damage) d e n o t e s  d i r e c t  f r o n t a l  damage inward and th rough  t h e  mid- 
p o i n t  o f  t h e  v e h i c l e .  
I n  F i g u r e  3 ,  t h e  12 i m p a c t - f o r c e  v e c t o r  p o s i t i o n s  a r e  no ted  a s  
a  p e r c e n t  o f  f u e l  l e a k a g e  among a l l  c a r s  t h a t  s u s t a i n e d  damage a s  a 
r e s u l t  o f  b e i n g  s t r u c k  a t  t h a t  impact  a n g l e .  The d a t a  have been 
d i v i d e d  i n t o  m i n o r ,  m o d e r a t e ,  and s e v e r e  c r a s h e s .  From l e f t  t o  
r i g h t  a r e  r e p r e s e n t a t i o n s  of  where minor damage o c c u r r e d  (VDI code 
numbers 1 and 2 1 ,  modera te  damage o c c u r r e d  (VDI numbers 3 and 4 ) ,  
and s e v e r e  damage o c c u r r e d  ( V D I  numbers 5 t o  9 ) .  Although t h e  damage 
e x t e n t  code  o f  t h e  C o l l i s i o n  Deformat ion C l a s s i f i c a t i o n  s y s t e m  is 
n o t  i n t e r p r e t a b l e  a s  a  p r e c i s e  measure  o f  a b s o l u t e  c o l l i s i o n  
s e v e r i t y ,  i t  is u s e f u l  i n  t h i s  g e n e r a l  a s s ignment  i n t o  t h e  s e v e r i t y  
c a t e g o r i e s  o f  t h i s  d i s p l a y .  
A s  one  might  e x p e c t ,  f u e l  l e a k a g e  is most p r e v a l e n t  a l o n g  r e a r  
impac t - fo rce  v e c t o r s ,  and i t  i n c r e a s e s  a s  t h e  e x t e n t  o f  t h e  damage 
i n c r e a s e s .  One e x c e p t i o n  is i n  t h e  8 o ' c l o c k  p o s i t i o n ,  where no 
f u e l  l e a k a g e  was no ted  i n  a  t o t a l  o f  46 v e h i c l e s  w i t h  damage r e s u l t -  
i n g  from 8 o ' c l o c k  i m p a c t - f o r c e  v e c t o r s .  
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4 . 2 . 5  CPIR F u e l  Leakage by Genera l  Damage Area and E x t e n t  
When i m p a c t - f o r c e  v e c t o r s  and damage e x t e n t  c l a s s i f i c a t i o n s  
were  combined i n t o  a  more g e n e r a l  g r o u p i n g  of  f r o n t a l ,  s i d e ,  and 
r e a r  impacts  s u s t a i n i n g  minor ,  modera te ,  and s e v e r e  damage, t h i s  
produced t h e  f i n d i n g s  p r e s e n t e d  i n  F i g u r e  4 . '  F i g u r e  4  l is ts  t h e  
number o f  c a s e s  o f  f u e l  l e a k a g e  by a c c i d e n t  damage a r e a  and s e v e r i t y ,  
grouped w i t h i n  e a c h  of  t h e  n i n e  damage a r e a  and s e v e r i t y  c l a s s i -  
f i c a t i o n s .  I t  shows t h a t  f u e l  l e a k a g e  i n  more s e v e r e  f r o n t a l  
c o l l i s i o n s  is commensurate w i t h  f u e l  l e a k a g e  i n  r e a r - i m p a c t  
c o l l i s i o n s .  
F i g u r e  5 l is ts  t h e  number o f  c a s e s  of  f i r e  by a c c i d e n t  damage 
a r e a  and s e v e r i t y ,  grouped w i t h i n  each  o f  t h e  n i n e  damage a r e a  and 
s e v e r i t y  c l a s s i f i c a t i o n s .  I t  shows t h a t  t h e  g r e a t e s t  number of  f i r e s  
o c c u r r e d  i n  s e v e r e  f r o n t a l  c r a s h e s .  While t h e  a c t u a l  number of  f i r e s  
(57)  i n  t h e s e  d a t a  is s m a l l  compared t o  t h e  number o f  c a s e s  where 
f u e l  l e a k a g e  was p r e s e n t  ( 2 2 1 ) ,  n o t e  how f i r e  r e l a t e s  t o  f u e l  l e a k -  
a g e  f o r  two damage a r e a  and e x t e n t  c l a s s i f i c a t i o n s .  Of t h e  22 c a s e s  
o f  f r o n t a l - s e v e r e  c r a s h e s  where f u e l  l e a k a g e  o c c u r r e d ,  19 ( o r  86%) 
of  t h e s e  c r a s h e s  a l s o  r e s u l t e d  i n  f i r e .  Of t h e  19 c a g e s  of  r e a r -  
s e v e r e  c r a s h e s  w i t h  f u e l  l e a k a g e ,  5 ( o r  26%) r e s u l t e d  i n  f i r e .  Th i s  
u n d e r s c o r e s  t h e  g r e a t e r  p o t e n t i a l  f o r  f i r e  i n  f r o n t a l - s e v e r e  c r a s h e s  
a s  compared t o  r e a r - s e v e r e  c r a s h e s .  
4 . 2 . 6  The 1972 Texas Acc iden t  Data F i l e  
While f i n d i n g s  from t h e  CPIR F i l e  p r o v i d e  i n s i g h t  i n t o  t h e  pro- 
blems of  f u e l  l e a k a g e  and f i r e ,  t h e y  a r e  no t  r e p r e s e n t a t i v e  of t h e  
t o t a l  a c c i d e n t  v e h i c l e  p o p u l a t i o n  because  of  a c c i d e n t - s e l e c t i o n  
b i a s e s  i n  t h e  CPIR F i l e .  That  is ,  CPIR d a t a  a r e  not  r e p r e s e n t a t i v e  
o f  t h e  f r e q u e n c y  of  a c c i d e n t s  ( a s  grouped i n  t h o s e  c l a s s i f i c a t i o n s  
o f  f r o n t a l - s e v e r e ,  s i d e - m o d e r a t e ,  e t c . )  i n  t h e  t o t a l  n a t i o n a l  popu- 
l a t i o n  o f  v e h i c l e  a c c i d e n t s ,  The p r o p o r t i o n s  o f  f u e l  l e a k a g e  i n  
a c c i d e n t s  o f  v a r i o u s  t y p e s  and s e v e r i t i e s  w i t h i n  t h e  CPIR d a t a  f i l e  
have f a c e  v a l i d i t y ,  b u t  t h e y  must be a p p l i e d  t o  t h e  f requency  of 
t h e s e  a c c i d e n t  t y p e s  and s e v e r i t i e s  i n  t h e  t o t a l  p o p u l a t i o n  of a c c i -  
d e n t s  t o  e s t i m a t e  t h e  i n c i d e n c e  of  f u e l  l e a k a g e  i n  t h e  g e n e r a l  a c c i -  
d e n t  p o p u l a t i o n .  What is needed is a  r e p r e s e n t a t i v e  sample  of 
a c c i d e n t s  w i t h  c o r r e s p o n d i n g  d e t a i l e d  i n f o r m a t i o n  about  f u e l  l e a k a g e .  
No such  body o f  d a t a  e x i s t s .  T h e r e f o r e ,  a  p r o j e c t i o n  t o  t h e  i n c i d e n c e  
FIG. 4 
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BY VEHICLE DAMAGE AREA AND EXTENT 
VEHICLE DAMAGE EXTENT 
SOURCE: HSRl CPlR Data File 
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SOURCE: HSRl CPlR Data File 
o f  f u e l  l e a k a g e  i n  t h e  n a t i o n a l  a c c i d e n t  p o p u l a t i o n  is made h e r e  by 
a p p l y i n g  t h e  CPIR f i n d i n g s  t o  t h e  1972 Texas  A c c i d e n t  F i l e ,  which is 
a  r e a s o n a b l e  r e p r e s e n t a t i o n  o f  t h e  n a t i o n a l  a c c i d e n t  p o p u l a t i o n .  I n  
t h i s  Texas  F i l e ,  a c c i d e n t  v e h i c l e  damage a r e a  and damage e x t e n t  a r e  
coded  i n  a c c o r d a n c e  w i t h  t h e  N a t i o n a l  Sa f . e ty  C o u n c i l  T r a f f i c  A c c i d e n t  
Da ta  P r o j e c t ,  commonly c a l l e d  t h e  TAD S c a l e .  T h i s  s c a l e  was c o r r e -  
l a t e d  w i t h  t h e  CPIR CDC/VDI c o d i n g  s y s t e m  s o  t h a t  v e h i c l e  a c c i d e n t  
d a t a  c o u l d  be compared w i t h  a  h i g h  l e v e l  o f  c o n f i d e n c e .  The damage 
a r e a  and  e x t e n t  v a r i a b l e s ,  g rouped  s o  a s  t o  o b t a i n  CDC/VDI and TAD 
S c a l e  e q u i v a l e n c e ,  a r e  shown on t h e  n e x t  two p a g e s .  
4 . 2 . 7  CPIR and Texas  Damage Comparisons  
A c o m p a r i s o n  o f  t h e  CDC/VDI and TAD damage s e v e r i t y  i n d i c e s  a s  
e q u a t e d  o n  t h e  f o l l o w i n g  pages  is shown i n  F i g u r e  6,which p l o t s  a l l  
a c c i d e n t s  i n  e a c h  d a t a  f i l e  by damage i n d e x  s c a l e .  I n  F i g u r e  6  t h e  
d i v e r g e n c e  between t h e  two s c a l e s  a t  v a l u e  1 of  t h e  damage i n d e x  
c o d e  r e s u l t s  from t h e  d i f f e r e n t  a c c i d e n t  s e l e c t i o n  c r i t e r i a  r e p r e -  
s e n t e d  i n  t h e  two f i l e s .  The Texas  f i l e  c o n t a i n s  a l l  p o l i c e -  
r e p o r t e d  a c c i d e n t s ,  whereas  t h e  CPIR f i l e  i s  b i a s e d  toward  more 
s e v e r e  a c c i d e n t s .  
FIG.  6 
V D I  A N D  T A D  D A M A G E  I N D E X  SCALE COMPARISON 
T A D  1 2 3 4 5 6 7 
V D I  1 2 3 4 5 6 7 8 9 
DAMAGE I N D E X  SCALES 
SOURCES: HSRl CPIR Data File and HSRl 1972 Texas Data F ~ l e  
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When t h e  damage index code v a l u e s  1 and 2 a r e  combined t o  c r e a t e  
t h e  "minimum" damage c l a s s i f i c a t i o n ,  t h e  d i f f e r e n c e  a t  v a l u e  1 is 
r educed ,  a s  shown i n  F i g u r e  7 .  
FIG. 7 
V D I  A N D  T A D  DAMAGE CODES COMBINED I N T O  MINOR,  
MODERATE,AND SEVERE CLASSIFICATIONS 
MINIMUM MODERATE SEVERE 
DAMAGE SEVERITY 
SOURCES: HSRl  CPIR Data File and HSRl  1972 Texas Data File 
Figure  7  i l l u s t r a t e s  t h e  f i t  i n  e q u a t i n g  t h e  two grouped damage 
s e v e r  i t  y i n d i c e s .  
Use of t h e  1972 Texas Accident  d a t a  i n  combinat ion wi th  t h e  
CPIR d a t a  al lowed HSRI t o  e s t i m a t e  t h e  inc idence  of f u e l  l eakage  by 
v e h i c l e  damage a r e a  and s e v e r i t y  i n  t h e  n a t i o n a l  a c c i d e n t  popu la t ion .  
However, no a t t empt  was made t o  e q u a t e  f i r e  and f a t a l i t i e s  t o  t h e  
Texas F i l e  because of t h e  s m a l l  number of c a s e s  of f i r e  i n  t h e  CPIR 
d a t a ,  and because of  t h e  b i a s  i n  t h e  CPIR c a s e  s e l e c t i o n s  toward 
s e v e r e  and f a t a l  a c c i d e n t s .  
The 5-percent  sample of t h e  Texas a c c i d e n t  d a t a  appears  t o  be a  
r ea sonab ly  good r e p r e s e n t a t i o n  of t h e  n a t i o n a l  a c c i d e n t  p o p u l a t i o n ,  
a l t hough  i t  m u s t  r e f l e c t  some demographic and geographic  c h a r a c t e r -  
i s t i c s  p e c u l i a r  t o  Texas.  Texas has about  6 pe rcen t  of t h e  U.S. 
p o p u l a t i o n ,  i n  a  d e n s i t y  a b o u t  t h e  same a s  t h a t  o f  t h e  n a t i o n .  I t  
h a s  a  m i x t u r e  o f  l a r g e  c i t i e s  and r u r a l  a r e ' a s .  But i t  d o e s  n o t  have 
o n e  of  t h e  8  l a r g e s t  S t a n d a r d  M e t r o p o l i t a n  Sampl ing A r e a s ,  and i t  has  
r e l a t i v e l y  l i t t l e  snow and i c e .  
The h i s t o g r a m s  i n  F i g u r e s  8 ,  9 ,  and 1 0  r e p r e s e n t  t h e  Texas 
a c c i d e n t  e x p e r i e n c e  a s  a n a l y z e d  a f t e r  t h e  CDC/VDI was e q u a t e d  w i t h  
t h e  TAD damage s e v e r i t y  i n d e x .  The f i n d i n g s  s u g g e s t  t h e  i n c i d e n c e  
o f  f u e l  l e a k a g e  i n  t h e  n a t i o n a l  a c c i d e n t  e x p e r i e n c e .  
4 . 2 . 8  CPIR and Texas F u e l  Leakage A n a l y s i s  
F u e l  l e a k a g e  and t h e  a t t e n d a n t  problem o f  f i r e  a r e  n o t  a s  
s e r i o u s  a  problem i n  minor  i m p a c t s  a s  i n  s e v e r e  i m p a c t s .  Minor- 
impact  c r a s h e s  se ldom r e s u l t  i n  s e r i o u s  i n j u r i e s  even  i n  t h e  r e -  
l a t i v e l y  r a r e  i n s t a n c e s  i n  which s u c h  c o l l i s i o n s  r e s u l t  i n  f i r e .  
F u e l  l e a k a g e  i n  a c c i d e n t s  is most o f t e n  n o t  accompanied by f i r e ,  
b u t  y e t  f u e l  l e a k a g e  is a  p r e r e q u i s i t e  f o r  f u e l - f e d  f i r e s .  The 
c u r r e n t  amended Motor V e h i c l e  S a f e t y  S t a n d a r d  #301,  which s p e c i f i e s  
t e s t s  of  f u e l  s y s t e m  i n t e g r i t y ,  w i l l  a p p l y  t o  p a s s e n g e r  c a r s  manu- 
f a c t u r e d  a f t e r  September  1, 1975 ,  and is  e f f e c t i v e  f o r  c e r t a i n  
c l a s s e s  of  m u l t i p u r p o s e  v e h i c l e s ,  t r u c k s ,  and buses  on September 1, 
1976.  I n  a d d i t i o n  t o  s p e c i f y i n g  t h a t  f u e l  l e a k a g e  be r e s t r i c t e d  t o  
a  maximum p e r m i s s i b l e  f l o w  r a t e  a f t e r  a  f r o n t - b a r r i e r  t e s t  c r a s h ,  
t h e  amended S t a n d a r d  #301 imposes s i m i l a r  t e s t  c o n d i t i o n s  f o r  r e a r  
and l a t e r a l  c r a s h e s  and f o r  r o l l o v e r s .  The t e s t s  i n v o l v i n g  r e a r  and 
l a t e r a l  c r a s h e s  s p e c i f y  minimum-speed i m p a c t s  w i t h ,  o r  i n t o ,  a  
s p e c i f i e d  b a r r i e r  a t  f r o n t ,  s i d e ,  and r e a r  c r a s h  o r i e n t a t i o n s .  Thus 
t h e  impact  s p e e d  is t h e  c r i t e r i o n  employed by t h e  s t a n d a r d  f o r  t e s t -  
i n g  t h e  c a p a c i t y  o f  v e h i c l e s  t o  m a i n t a i n  f u e l  s y s t e m  i n t e g r i t y  i n  
t h e  s p e c i f i e d  f r o n t a l ,  s i d e ,  and r e a r  c r a s h  o r i e n t a t i o n s .  
4 . 2 . 9  CPIR and Texas  F u e l  Leakage by Damage Area and E x t e n t  
The j o i n t  a n a l y s i s  o f  t h e  CPIR and Texas  A c c i d e n t  F i l e  d a t a  
e s t i m a t e d  t h e  p r o b a b i l i t y  of  f u e l  l e a k a g e  i n  f r o n t a l ,  s i d e ,  and r e a r -  
impac t  c r a s h e s  a s  a  f u n c t i o n  o f  v e h i c l e  damage s e v e r i t y .  To e s t a b -  
l i s h  t h e  p r o b a b i l i t i e s  o f  f u e l  l e a k a g e  a s  a  f u n c t i o n  o f  impact  s p e e d ,  
HSRI e q u a t e d  v e h i c l e  damage a r e a s  and s e v e r i t i e s  w i t h  impact  s p e e d s  
s o  a s  t o  p roduce  f i n d i n g s  more r e l a t a b l e  t o  Motor V e h i c l e  S a f e t y  
S t a n d a r d  #301 r e q u i r e m e n t s .  
FIG. 8 
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SOURCES: HSRl CPlR Data File and HSRl 1972 Texas Data File 
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FUEL L E A K A G E  r-j 
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SIDE CRASHES 
SOURCES: HSRl CPlR Data File and HSRl 1972 Texas Data File 
FIG. 10 
FUEL LEAKAGE 
BY SEVERITY OF 
REAR END CRASHES 
SOURCES: HSRl CPlR Data File and HSRl 1972 Texas Data File 
I n  c o n t r o l l e d  b a r r i e r  c r a s h e s ,  s u c h  a s  t h o s e  c o n d u c t e d  by a u t o -  
m o b i l e  m a n u f a c t u r e r s  and r e s e a r c h  o r g a n i z a t i o n s ,  t h e  impact  s p e e d  o f  
t h e  c r a s h e d  v e h i c l e  and t h e  e x t e n t  o f  damage,  i n  t e rms  o f  measured 
d e f o r m a t i o n ,  a r e  a c c u r a t e l y  known, b o t h  f o r  c o n t r o l l e d  c r a s h e s  w i t h  
a n o t h e r  v e h i c l e  and c o n t r o l l e d  c r a s h e s  w i t h  v a r i o u s  f i x e d  o b j e c t s .  
T h e r e f o r e  a  r e v i e w  was c o n d u c t e d  o f  t e s t  d a t a  f o r  s u c h  c o n t r o l l e d  
c r a s h e s ,  a l o n g  w i t h  a  r e v i e w  o f  a c c i d e n t  d a t a  on s e l e c t e d  a c c i d e n t s  
i n  which s p e e d  o f  t h e  v e h i c l e ( s )  is a c c u r a t e l y  known. T h i s  p e r -  
m i t t e d  a  p l o t t i n g  of  t h e  r e l a t i o n s h i p  between damage d e f o r m a t i o n  
( c r u s h )  and  impac t  s p e e d .  Each c r a s h  was e v a l u a t e d  and p l o t t e d  a s  a 
s i n g l e  d a t a  p o i n t .  The r e s u l t a n t  g r a p h  o f  impac t  s p e e d  r e l a t i v e  t o  
c r u s h  i n  f r o n t a l  c r a s h e s  is shown i n  F i g u r e  11. F i g u r e  11 shows,  i n  
a d d i t i o n  t o  damage d e f o r m a t i o n  o r  c r u s h  measurements ,  t h e  CDC/VDI 
damage e x t e n t  c a t e g o r i e s  (numbers 1, 2 ,  3 ,  4 ) .  As is shown, t h e  
m a j o r i t y  o f  t e s t  c r a s h e s  ( d e n o t e d  a s  p o i n t s  on t h e  p l o t )  a r e  bunched 
a b o u t  t h e  3 0  m.p.h .  impac t - speed  a r e a ,  r e f l e c t i n g  t h e  p r e p o n d e r a n c e  
o f  3 1  m . p . h .  b a r r i e r  t e s t  c r a s h e s  i n c l u d e d  i n  t h e  d a t a .  
S i m i l a r  r e l a t i o n s h i p s  between s i d e - i m p a c t  s p e e d  and c r u s h ,  and 
r e a r - i m p a c t  s p e e d  and c r u s h ,  a r e  shown i n  F i g u r e  1 2 ' a n d  1 3 .  The r e -  
l a t i o n s h i p s  p l o t t e d  i n  F i g u r e  12  and 13 a r e  based  on r e l a t i v e l y  few 
t e s t  c r a s h  d a t a  p o i n t s .  N e v e r t h e l e s s ,  t h e y  r e p r e s e n t  a  r e p r e s e n t a -  
t i v e ,  g e n e r a l i z e d  r e l a t i o n s h i p  between impact  s p e e d  and e x t e n t  o f  
d e f o r m a t i o n .  
When c r u s h  was e q u a t e d  t o  f u e l  l e a k a g e  f o r  t h e  same f r o n t a l ,  
s i d e ,  and r e a r  c r a s h  o r i e n t a t i o n s ,  t h i s  i l l u s t r a t e d  t h e  r e l a t i o n -  
s h i p s  shown i n  F i g u r e  14 .  
When damage s e v e r i t y  was r e l a t e d  t o  impact  s p e e d  r a t h e r  t h a n  t o  
c r u s h ,  t h i s  i l l u s t r a t e d  t h e  r e l a t i o n s h i p s  shown i n  F i g u r e  1 5 .  
The r e l a t i o n s h i p  between impact  s p e e d  and f u e l  l e a k a g e  was 
e s t a b l i s h e d  by u s i n g  damage d e f o r m a t i o n  ( c r u s h )  a s  t h e  dependen t  
v a r i a b l e  f o r  e a c h  r e l a t i o n s h i p  i n  t h e  f r o n t a l ,  s i d e ,  and r e a r  c r a s h  
o r i e n t a t i o n s .  T h i s  e s t i m a t e  o f  t h e  v a r i a t i o n  o f  f u e l  l e a k a g e  w i t h  
impac t  s p e e d  i n  c r a s h e s  of p a s s e n g e r  c a r s  o v e r  t h e  p a s t  s e v e r a l  
y e a r s  is  shown i n  F i g u r e  1 6 .  The c u r v e s  i n  F i g u r e  16 a g a i n  i l l u s -  
t r a t e  t h e  s u s c e p t i b i l i t y  o f  r e a r - i m p a c t  c r a s h e s  t o  f u e l  l e a k a g e .  
The s o l i d  v e r t i c a l  l i n e  l o c a t e d  a t  3 0  m.p .h .  and t h e  b roken  v e r t i c a l  
l i n e  l o c a t e d  a t  20 m.p.h.  a r e  i n c l u d e d  o n l y  a s  a  r e f e r e n c e  t o  t h e  
f u e l  s y s t e m  i n t e g r i t y  t e s t  c r a s h e s  s p e c i f i e d  i n  MVSS #301. The 3 0  
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SOURCE: Calibrated test crashes and actual crashes where impact speed known. 
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SOURCES: Calibrated test crashes and actual crashes where impact speed known. 
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m . p . h .  l i n e  i n d i c a t e s  t h a t  when r e a r - e n d  impac t s  a r e  e q u a t e d  w i t h  an  
impact  s p e e d  o f  3 0  m . p . h . ,  a p p r o x i m a t e l y  30 p e r c e n t  of  t h e  s t r u c k  
v e h i c l e s  may be e x p e c t e d  t o  l e a k  f u e l ,  g i v e n  t h a t  t h e  v e h i c l e s  have 
f u e l  s y s t e m  c h a r a c t e r i s t i c s  of  r e c e n t  model p a s s e n g e r  c a r s .  
S i m i l a r l y ,  f o r  f r o n t a l  impac t s  a t  30 m . p . h . ,  l e s s  t h a n  1 p e r c e n t  of 
t h e  s t r u c k  v e h i c l e s  may be e x p e c t e d  t o  l e a k  f u e l .  The d o t t e d  l i n e  
i n d i c a t e s  t h a t  a t  impact  s p e e d s  o f  20 m . p , h . ,  3  p e r c e n t  of  t h e  
v e h i c l e s  s t r u c k  i n  t h e  s i d e  may be e x p e c t e d  t o  l e a k  f u e l .  
The q u a n t i t y  o r  r a t e  o f  f l o w  of  l e a k i n g  f u e l  i n  t h o s e  a c c i d e n t  
v e h i c l e s  i n  t h e  CPIR d a t a  f i l e  is unknown; t h o s e  d a t a  mere ly  i n -  
d i c a t e  whe the r  t h e  a c c i d e n t  i n v e s t i g a t o r  o b s e r v e d  o r  d i d  not  o b s e r v e  
f u e l  l e a k a g e  from t h e  accident-damaged v e h i c l e s .  
No a t t e m p t  was made t o  e q u a t e  r o l l o v e r  a c c i d e n t s  w i t h  f u e l  
l e a k a g e .  Damage i n  r o l l o v e r  a c c i d e n t s  o f t e n  o c c u r s  t o  f r o n t a l ,  s i d e  
and r e a r  a r e a s .  
The HSRI f i n d i n g s  p r o v i d e  a n  i n d i c a t i o n  of t h e  r e l a t i v e  magni- 
t u d e  o f  t h e  f u e l  l e a k a g e  problem a t  t e s t - i m p a c t  s p e e d s  s p e c i f i e d  i n  
t h e  amended f u e l  s y s t e m  i n t e g r i t y  s t a n d a r d s  of  JIVSS #301 f o r  f r o n t a l ,  
s i d e ,  and r e a r  c r a s h  o r i e n t a t i o n s .  The f i n d i n g s  r e v e a l  t h e  magni- 
t u d e  o f  t h e  problem m a n u f a c t u r e r s  f a c e  r e g a r d i n g  compl iance  w i t h  
MVSS #301,  p a r t i c u l a r l y  a s  i t  r e l a t e s  t o  f u e l  l e a k a g e  from r e a r -  
impact  c r a s h e s  . 
4 . 3  HSRI Ana lyses  of  h ledical  Data 
An a l t e r n a t e  approach  t o  t h e  problem of  a s s e s s i n g  t h e  s i z e  of  
t h e  problem of  f i r e s  i n  v e h i c l e  a c c i d e n t s  i n v o l v e s  a s s e s s i n g  h o s p i t a l  
r e c o r d s ,  morgue r e c o r d s ,  and d e a t h  c e r t i f i c a t e s .  I n  t h e  Dunn and 
H a l p i n  s t u d y  ( d i s c u s s e d  i n  S e c t i o n  4 . 1 ) ,  a  sample  of  n a t i o n a l  d e a t h  
c e r t i f i c a t e  t r a n s c r i p t s  fo rwarded  t o  Washington,  D . C . ,  by t h e  v a r i o u s  
s t a t e s  was used t o  c l a s s i f y  a c c i d e n t a l  burn  d e a t h s .  However, no 
s u c h  n a t i o n a l  s t u d y  o f  d e a t h  c e r t i f i c a t e  t r a n s c r i p t s  has  been made 
s i n c e  t h e  1951  Dunn and H a l p i n  a n a l y s i s  of 1948 d a t a .  Data on t h e  
o r i g i n  and t y p e  of motor v e h i c l e  a c c i d e n t s  r e s u l t i n g  i n  burn 
f a t a l i t i e s  i s  not  c o l l e c t e d  on any s c a l e  t h a t  would s u p p o r t  r e l i a b l e  
s t a t i s t i c a l  i n f e r e n c e s .  The N a t i o n a l  Burn I n f o r m a t i o n  Exchange a t  
The U n i v e r s i t y  o f  Michigan c o l l e c t s  d a t a  on burn v i c t i m s  and t h e  c i r -  
cumstances  of  t h e  burn a c c i d e n t s .  However, t h e s e  d a t a  a r e  o b t a i n e d  
o n l y  from c o o p e r a t i n g  h o s p i t a l s  and a r e  f o c u s e d  m a i n l y  on d e t a i l s  o f  
p a t i e n t  t r e a t m e n t  and r e h a b i l i t a t i v e  p r a c t i c e s .  Because o f  t h e  
l i m i t e d  number o f  c o o p e r a t i n g  h o s p i t a l s ,  and s i n c e  o n l y  t h o s e  burn 
v i c t i m s  who e n t e r  a  h o s p i t a l  a r e  i n c l u d e d  i n  N . B . I . E .  d a t a ,  t h o s e  
r e c o r d s  were  o n l y  o f  l i m i t e d  v a l u e  i n  t h i s  s t u d y .  
4 . 3 . 1  Wayne County hlorgue Records  
I n  a n  NHTSA-sponsored r e s e a r c h  s t u d y  c o n d u c t e d  from mid-1967 t o  
mid-1969, HSRI c o l l e c t e d  morgue p a t h o l o g y  e x a m i n a t i o n  r e p o r t s  o f  
f a t a l  a u t o m o b i l e  a c c i d e n t  v i c t i m s  i n  Wayne County ,  Mich igan .  A 
t o t a l  of  449 " i n - c a r "  f a t a l  a c c i d e n t  v i c t i m s  were  b rough t  t o  t h e  
Wayne County Morgue o v e r  t h i s  two-year  p e r i o d .  Of t h o s e ,  6  v i c t i m s  
were  i d e n t i f i e d  a s  h a v i n g  d i e d  a s  a  r e s u l t  o f  b u r n s .  They r e p r e -  
s e n t e d  1 . 3  p e r c e n t  o f  t h e  449 " i n - c a r "  f a t a l  a c c i d e n t  v i c t i m s .  When 
t h a t  p e r c e n t a g e  is a p p l i e d  t o  t h e  N a t i o n a l  S a f e t y  C o u n c i l  t o t a l  o f  
4 4 , 8 0 0  " i n - c a r "  f a t a l  a c c i d e n t  v i c t i m s  f o r  1972 ,  t h e  r e s u l t i n g  e s  t i- 
mate  is 590 s u c h  a n n u a l  f a t a l i t i e s  n a t i o n a l l y .  However, t h i s  
e s t i m a t e  must be tempered by t h e  knowledge t h a t  f a t a l i t i e s  i n  t h i s  
Wayne County sample  were  t h e  r e s u l t  o f  a c c i d e n t s  o c c u r r i n g  m a i n l y  i n  
a n  u r b a n  a r e a ,  b e c a u s e  most  o f  Wayne County c o n s i s t s  of  D e t r o i t  and 
i t s  s u b u r b s .  S t u d i e s  by HSRI, t h e  U n i v e r s i t y  o f  Oklahoma R e s e a r c h  
I n s t i t u t e ,  and o t h e r  r e s e a r c h  o r g a n i z a t i o n s  have shown t h a t  a  h i g h e r  
i n c i d e n c e  o f  f i r e - a s s o c i a t e d  a c c i d e n t  f a t a l i t i e s  o c c u r s  i n  r u r a l  
a r e a s  t h a n  i n  u rban  a r e a s .  Thus t h e  p e r c e n t a g e  of  1 - 3 4  f o r  Wayne 
County and t h e  r e s u l t i n g  p r o j e c t i o n  o f  590 f i r e - a s s o c i a t e d  f a t a l i t i e s  
n a t i o n a l l y  may be c o n s e r v a t i v e .  However, t h e  f i n d i n g s  were  based  on 
p a t h o l o g y  e x a m i n a t i o n s ,  and t h o s e  e x a m i n a t i o n s  o f t e n  were  n o t  
f o l l o w e d  by a u t o p s i e s  which might  have e s t a b l i s h e d  c a u s e  o f  d e a t h  a s  
a  r e s u l t  of  i n j u r i e s  o t h e r  t h a n  t h o s e  r e s u l t i n g  from f i r e .  A 
f u r t h e r  l i m i t a t i o n  i n  t h e  f i n d i n g s  is t h a t  t h e  sample  o f  6  f i r e -  
a s s o c i a t e d  f a t a l i t i e s  is  t o o  s m a l l  t o  p e r m i t  much c o n f i d e n c e  i n  a  
p r o j e c t i o n  t o  t h e  n a t i o n a l  a c c i d e n t  e x p e r i e n c e .  
4 . 3 . 2  The hl ichigan F a t a l  Acc iden t  F i l e  
I n  a  f u r t h e r  e f f o r t  t o  d e t e r m i n e  t h e  i n c i d e n c e  of  f i r e  i n  f a t a l  
a c c i d e n t s ,  HSRI examined a  m i c r o f i l m  f i l e  o f  hard-copy p o l i c e  r e p o r t s  
of  a l l  f a t a l  a c c i d e n t s  i n  t h e  S t a t e  o f  Michigan f o r  t h e  y e a r s  1968 
t h r o u g h  1971 ,  ( T h i s  f i l m  r e c o r d  was made a v a i l a b l e  by t h e  Nich igan  
Depar tment  of  S t a t e  P o l i c e . )  A m i c r o f i l m  o f  1972 f a t a l  a c c i d e n t  
r e p o r t s  was n o t  a v a i l a b l e  a t  t h e  t i m e  o f  t h i s  a n a l y s i s ,  b u t  w i l l  be 
s i m i l a r l y  examined when i t  becomes a v a i l a b l e .  Blost of t h e  f a t a l  
a c c i d e n t  r e p o r t s  i n c l u d e d  m a t e r i a l s  p r o v i d e d  by t h e  i n v e s t i g a t i n g  
o f f i c e r s  i n  a d d i t i o n  t o  t h e  s t a n d a r d  p o l i c e  a c c i d e n t  r e p o r t  form.  
These  o f t e n  i n c l u d e d  w i t n e s s  s t a t e m e n t s  and n a r r a t i v e s  of f o l l o w u p  
i n v e s t i g a t i o n s  c o n d u c t e d  by t h e  p o l i c e  o f f i c e r s .  Most o f  t h e  c a s e s  
a l s o  i n c l u d e d  a  c e r t i f i c a t e  o f  d e a t h .  HSRI a r r i v e d  a t  f i n d i n g s  
r e g a r d i n g  t h e  f r e q u e n c y  and s i g n i f i c a n c e  o f  f i r e  i n  f a t a l  a c c i d e n t s  
by examin ing  t h o s e  c a s e s  where f i r e  o r  some a p p r o p r i a t e  i n d i c a t o r  o f  
f i r e  was n o t e d  i n  some way i n  t h e  a c c i d e n t ,  o r  where f i r e  was n o t e d  
a s  r e l a t e d  t o  c a u s e  o f  d e a t h .  The d e t e r m i n a t i o n  of  whe the r  d e a t h  i n  
t h e s e  f i r e - a s s o c i a t e d  a c c i d e n t s  was t h e  r e s u l t  o f  f i r e  o r  o f  some 
o t h e r  i n j u r i e s  was made by t h i s  a u t h o r ,  based  on t h e  d e a t h  c e r t i f i c a t e  
e n t r i e s  f o r  t h e  d i s e a s e  o r  c o n d i t i o n  d i r e c t l y  l e a d i n g  t o  d e a t h  a s  
w e l l  a s  a l l  o t h e r  documents i n c l u d e d  w i t h  e a c h  f a t a l  a c c i d e n t  r e p o r t - -  
t h e  p o l i c e m a n ' s  c o n f i d e n t i a l  r e p o r t ,  w i t n e s s  s t a t e m e n t s ,  p a t h o l o g i s t ' s  
summary, e t c .  Some o f  t h e  t e r m s  and p h r a s e s  i n  t h e  v a r i o u s  documents 
t h a t  were c o n s i d e r e d  i n  making t h o s e  judgments  w e r e :  
Burned Consumed by f i r e  
Burned up C o n f l a g r a t i o n  
Burned a l i v e  E x t e n s i v e  body burns  
A s p h y x i a t e d  by b u r n s  ( s i c )  I n c i n e r a t e d  
A s p h y x i a t e d  by f i r e  Carbon ized  
Dea ths  a s s o c i a t e d  w i t h  c r a s h  f i r e s  a r e  a c t u a l l y  d i s t r i b u t e d  
a l o n g  a  " c a u s a l  cont inuum" on which d e a t h s  s o l e l y  due t o  burns  o r  
a s p h y x i a t i o n  a r e  l o c a t e d  a t  one  p o l e  and d e a t h s  s o l e l y  due t o  impact 
t rauma a r e  l o c a t e d  a t  t h e  o p p o s i t e  p o l e .  I n  t h i s  s t u d y  of  h l ichigan 
f a t a l  a c c i d e n t s ,  f i r e - a s s o c i a t e d  d e a t h s  were  c a t e g o r i z e d  i n  t h e  
f o l l o w i n g  f i v e  ways:  
( 1 )  Deaths  which were i n  no way t h e  r e s u l t  of  t h e  
f i r e - - i . e . ,  d e a t h s  i n  which t h e  v i c t i m s  were  
no t  burned  o r  a s p h y x i a t e d .  In  one c a s e ,  f o r  
example ,  one  c a r  i n  a  1 3 - c a r  c r a s h  c a u g h t  f i r e  
and t h e  o c c u p a n t  of a n o t h e r  c a r  d i e d  from impact  
i n j u r i e s .  I n  a n o t h e r  c a s e ,  t h e r e  was a  f i r e  i n  
t h e  e n g i n e  compartment o f  a  c a r ,  b u t  t h e  v i c t i m  
(who d i e d  from impact  i n j u r i e s )  was n o t  burned 
o r  a s p h y x i a t e d .  
( 2 )  Dea ths  which were  t h e  r e s u l t  of  impac t  i n j u r i e s  i n  
c a s e s  i n  which v i c t i m s  i n c u r r e d  minor  burns  which 
d i d  no t  c o n t r i b u t e  t o  t h e  f a t a l i t i e s .  
( 3 )  Deaths  which r e s u l t e d  p r i m a r i l y  f rom impac t  i n j u r i e s ,  
b u t  i n  which t h e  v i c t i m s  were  bur,ned s u f f i c i e n t l y  t o  
have worsened t h e i r  c o n d i t i o n ,  t h u s  l e a d i n g  t o  t h e  
c o n c l u s i o n  t h a t  n e i t h e r  t h e  impac t  i n j u r i e s  a l o n e  
nor  t h e  burns  a l o n e  would have c a u s e d  d e a t h ,  b u t  
t h e  c o m b i n a t i o n  o f  them d i d .  
( 4 )  Deaths  which would have been a s s u r e d  by e i t h e r  t h e  
impac t  i n j u r i e s  o r  b u r n  i n j u r i e s  ( o r  a s p h y x i a t i o n ) .  
(5)  Dea ths  which r e s u l t e d  s o l e l y  from b u r n s  o r  
a s p h y x i a t i o n .  
I n  t h i s  s t u d y ,  a  d i s t i n c t i o n  was made between d e a t h s  i n  a c c i -  
d e n t s  accompanied by a  f i r e  and d e a t h s  i n  which f i r e  was t h e  p r i m a r y  
c a u s e  o f  d e a t h .  Where b o t h  impact  i n j u r i e s  and  b u r n s  a r e  s u s t a i n e d  
by a  f a t a l l y  i n j u r e d  o c c u p a n t ,  a s c e r t a i n i n g  which of  t h e  two i n j u r y  
t y p e s  d i r e c t l y  r e s u l t e d  i n  d e a t h  is d i f f i c u l t .  H e r e ,  a  judgment was 
made, where  p o s s i b l e ,  on  t h e  r e l a t i v e  s e r i o u s n e s s  o f  t h e  two t y p e s  
o f  i n j u r y .  T h i s  was a t t e m p t e d  i n  t h o s e  c a s e s  where d e a t h  may have 
been a s s u r e d  by e i t h e r  t y p e  o f  i n j u r y .  When t h e  f a t a l l y  i n j u r e d  
o c c u p a n t  is e x t e n s i v e l y  o r  c o m p l e t e l y  i n c i n e r a t e d  o r  c a r b o n i z e d ,  i t  
is somet imes  q u i t e  d i f f i c u l t  f o r  e v e n  t h e  most e x p e r i e n c e d  and 
q u a l i f i e d  p a t h o l o g i s t  t o  d e t e r m i n e  t h e  p r i m a r y  c a u s e  o f  d e a t h .  T h i s  
is b e c a u s e  o f  t h e  e x t e n s i v e  l o s s  o f  s o f t  t i s s u e  a s  a  r e s u l t  o f  t h e  
f i r e ,  l e a v i n g  o n l y  t h e  l a r g e r  o r  m a s s i v e  f r a c t u r e s  o n  which t o  e s t a b -  
l i s h  a  judgment a s  t o  t h e  p r i m a r y  c a u s e  o f  d e a t h .  Many of  t h e s e  
p a t h o l o g y  e x a m i n a t i o n s  a r e  n o t  f o l l o w e d  by a u t o p s y .  In  some f i r e -  
a s s o c i a t e d  f a t a l  a c c i d e n t s ,  i n f o r m a t i o n  needed t o  make t h e s e  f i n e  
d i s t i n c t i o n s  a s  t o  c a u s e  o f  d e a t h  was n o t  a v a i l a b l e .  H e r e ,  t h e  
a u t h o r  made a  judgment whe the r  t h e  f i r e  i n  a  f a t a l  a c c i d e n t  was a  
d i r e c t  o r  ma jor  c o n t r i b u t i n g  c a u s e  o f  d e a t h ,  o r  m e r e l y  a s s o c i a t e d  
w i t h  t h e  a c c i d e n t  and c a u s e  o f  d e a t h .  I n  g e n e r a l ,  d e a t h s  a s s i g n e d  
t o  c a t e g o r i e s  3 ,  4 ,  and 5 ,  a b o v e ,  were  c l a s s i f i e d  a s  d e a t h s  r e s u l t -  
i n g  from f i r e .  
To compute t h e  i n c i d e n c e  o f  f i r e  i n  motor  v e h i c l e  a c c i d e n t s  a s  
a  p e r c e n t a g e  of  a l l  motor  v e h i c l e  a c c i d e n t s ,  HSRI examined i t s  
d i g i t a l  d a t a  f i l e s  o f  a l l  Michigan t r a f f i c  d e a t h s  f o r  t h e  y e a r s  1968 
t h r o u g h  1972.  Dur ing  t h o s e  y e a r s  t h e r e  was a  t o t a l  of  9 , 3 8 6  t r a f f i c  
d e a t h s  i n  Mich igan ,  r e p r e s e n t i n g  4 . 2  p e r c e n t  o f  t h e  n a t i o n a l  t o t a l .  
Of t h o s e  9 , 3 8 6  d e a t h s ,  1 , 4 9 0  were  p e d e s t r i a n s  and 155  were  b i c y c l i s t s .  
Those  c a t e g o r i e s  of  d e a t h s  were  e x c l u d e d  from c o n s i d e r a t i o n ,  l e a v i n g  
a  t o t a l  of  7 , 7 4 1  f a t a l i t i e s  i n  v e h i c l e  a c c i d e n t s  where f i r e  c o u l d  
h a v e  been a  d i r e c t  o r  a s s o c i a t e d  c a u s e  of  d e a t h .  I n  F i g u r e  17  t h o s e  
Michigan f a t a l  a c c i d e n t s  by y e a r  a r e  shown i n  r e l a t i o n  t o  t h e  
n a t i o n a l  f i g u r e s  and t o  t h e  number o f  Michigan f a t a l i t i e s  i n  a c c i -  
d e n t s  where f i r e  was n o t e d ,  o r  f i r e  was l i s t e d  a s  t h e  c a u s e  of  t h e  
f a t a l i t y .  F i g u r e  1 7  shows t h a t  f i r e  was n o t e d ,  i n  one form o r  
a n o t h e r ,  i n  1 . 6  p e r c e n t  o f  t h e  Michigan f a t a l  a c c i d e n t s .  I t  c o u l d  
h a v e  been a  minor  f i r e  w i t h i n  t h e  e n g i n e  compar tment ,  e a s i l y  e x t i n -  
g u i s h e d  by a  p a s s e r b y ,  o r  a  s p e c t a c u l a r  c o n f l a g r a t i o n  i n c i n e r a t i n g  
a l l  o f  t h e  v e h i c l e  o c c u p a n t s .  F i r e  u n i t s  a r e  o f t e n  d i s p a t c h e d  t o  
t h e  s c e n e  o f  a n  a c c i d e n t  b e c a u s e  o f  f u e l  s p i l l a g e  and t h e  p o t e n t i a l  
f o r  f i r e .  Thus t h e  p r e s e n c e  o f  f i r e  equipment  a t  a n  a c c i d e n t  s i t e  
d o e s  no t  a lways  i n d i c a t e  t h a t  a  f i r e  has  o c c u r r e d .  C o n v e r s e l y ,  
s m a l l  f i r e s  i n  s e v e r e  a c c i d e n t s  a r e  presumably o f t e n  not  r e p o r t e d .  
The S t a t e  o f  Michigan T r a f f i c  A c c i d e n t  R e p o r t  Form UP-10 does  no t  
p r o v i d e  any d a t a  check-of f  e l e m e n t s  r e l a t i n g  t o  f i r e ,  o r  any n o t e  
t h a t  would prompt a  po l i ceman  t o  r e c o r d  t h e  o c c u r r e n c e  o f  f i r e .  
T h e r e f o r e ,  w h i l e  s m a l l  f i r e s  may go u n r e c o r d e d ,  l a r g e r  and p o t e n t i a l  
i n j u r y - p r o d u c i n g  f i r e s  were  most p r o b a b l y  n o t e d  on t h o s e  p o l i c e  
a c c i d e n t  r e p o r t  forms comple ted  on f a t a l  a c c i d e n t s .  
The s e c o n d  row of  d a t a  i n  F i g u r e  17 shows how hl ichigan a c c i d e n t  
f a t a l i t i e s  have remained  a t  a  f a i r l y  c o n s t a n t  p e r c e n t a g e  o f  n a t i o n a l  
f a t a l i t i e s  o v e r  t h e  f i v e - y e a r  p e r i o d ,  The t h i r d  row shows how 
Michigan t r a f f i c  d e a t h s  i n  a c c i d e n t s  accompanied by f i r e  have a l s o  
remained  f a i r l y  c o n s t a n t .  The f o u r t h  row shows a  somewhat l a r g e r  
v a r i a t i o n  i n  t h e  numbers and p e r c e n t  o f  b l ichigan d e a t h s  r esu  l t i n g  
from f i r e  i n  v e h i c l e  a c c i d e n t s .  The f i f t h  row shows a  f a i r l y  con- 
s t a n t  number and p e r c e n t a g e  o f  f a t a l  a c c i d e n t s  accompanied by f i r e .  
The f a t a l  a c c i d e n t s  i n  which f i r e  o c c u r r e d  (row 5 )  c a n  be com- 
p a r e d  w i t h  d e a t h s  r e s u l t i n g  from f i r e  i n  a c c i d e n t s  (row 4 )  t o  p ro -  
duce  a  r a t i o  o f  t h e  f o u r - y e a r  a v e r a g e d  p e r c e n t a g e  f i g u r e s  o f  1 . 4 4  t o  
1. T h i s  is s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  r a t i o  o f  d e a t h s  t o  a l l  
Michigan f a t a l  a c c i d e n t s ,  which is 1 . 1 6 ,  i n d i c a t i n g  t h e  much g r e a t e r  
FIG. 17 
MICHIGAN VEHICLE DEATHS INVOLVING FlRE 
* 5-YEAR AVERAGE, INCLUDING 1972 
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s e v e r i t y  and l e t h a l i t y  o f  f a t a l  a c c i d e n t s  accompanied by f i r e ,  com- 
p a r e d  t o  a l l  f a t a l  a c c i d e n t s .  
The a n a l y s i s  a l s o  y i e l d e d  o t h e r  c h a r a c t e r i s t i c s  o f  f a t a l  a c c i -  
d e n t s  accompanied by f i r e .  The p r o b a b i l i t y  of  b e i n g  f a t a l l y  burned 
i n  a  f a t a l  a c c i d e n t  accompanied by f i r e  is' h i g h e s t  i n  t h r e e  t y p e s  o f  
c o l l i s i o n s  : head-on c o l l i s i o n s  w i t h  a  f i x e d  o b j e c t  ( a  t r e e ,  o v e r p a s s  
a b u t m e n t ,  e t c . ) ,  r e a r - e n d  i m p a c t s ,  and r o l l o v e r s .  As n o t e d  
p r e v i o u s l y ,  t h e s e  a c c i d e n t  c l a s s i f i c a t i o n s  a l s o  r e p r e s e n t  a  h i g h  
i n c i d e n c e  o f  f u e l  l e a k a g e .  A summary o f  t h e s e  a c c i d e n t  t y p e s  i n  
t e r m s  o f  burn  d e a t h s  i n  Mich igan  a c c i d e n t s  f o r  t h e  p e r i o d  1968-1971 
is shown i n  F i g u r e  1 8 .  The l a s t  l i n e  i n  F i g u r e  18 shows t h e  p e r c e n t -  
a g e  r e l a t i o n s h i p  between d e a t h s  r e s u l t i n g  from f i r e  and d e a t h s  from 
a l l  c a u s e s .  Note t h a t  t h i s  r a n g e s  from 82 p e r c e n t  f o r  head-on 
c o l l i s i o n s  w i t h  a  f i x e d  o b j e c t  ( a t  t h e  l e f t )  down t o  50 p e r c e n t  f o r  
i n t e r s e c t i o n  s i d e - i m p a c t s  ( a t  t h e  r i g h t ) .  The o v e r a l l  p e r c e n t a g e  
f o r  a l l  c r a s h  c o n f i g u r a t i o n s  was 70 p e r c e n t ,  i n d i c a t i n g  t h a t  n e a r l y  
3 o u t  of  4 d e a t h s  i n  f a t a l  a c c i d e n t s  accompanied by f i r e  e i t h e r  
r e s u l t  from f i r e  o r  a r e  e n s u r e d  by f i r e .  
A compar i son  o f  v e h i c l e  t y p e s  i n  terms of  f i r e - i n d u c e d  i n j u r y  is 
shown i n  F i g u r e  1 9 .  F u l l - s i z e  p a s s e n g e r  c a r s  were  most o f t e n  i n -  
v o l v e d  i n  f a t a l  a c c i d e n t s  accompanied by f i r e .  One would e x p e c t  t h i s  
b e c a u s e  t h e y  c o n s t i t u t e  a  h igh  p r o p o r t i o n  o f  t h e  t o t a l  v e h i c l e  
p o p u l a t i o n .  S p o r t s  c a r s  were  t h e  n e x t  most o f t e n  i n v o l v e d  t y p e  o f  
v e h i c l e .  These  were  f o l l o w e d  by p i c k u p  t r u c k s  and t r u c k  t r a c t o r -  
s e m i - t r a i l e r  c o m b i n a t i o n s .  Two o f  t h e  l a t t e r  were t a n k e r s  i n v o l v e d  
i n  f i r e  when t h e i r  f lammable  c a r g o  s p i l l e d  and i g n i t e d .  
Dea ths  r e s u l t i n g  from f i r e  i n  p i c k u p  f a t a l - f i r e  a c c i d e n t s  were  
more numerous t h a n  d e a t h s  from o t h e r  c a u s e s  i n  p i c k u p  a c c i d e n t s ,  
s u g g e s t i n g  t h a t  p i c k u p  t r u c k s  may be more v u l n e r a b l e  t o  i n j u r y -  
p r o d u c i n g  f i r e  i n  a c c i d e n t s .  Of t h e  1 3  p i c k u p  t r u c k s  i n  f a t a l  
a c c i d e n t s  accompanied by f i r e ,  5 c r a s h e s  were  r o l l o v e r s ,  4 were head- 
on c o l l i s i o n s  w i t h  a n o t h e r  v e h i c l e ,  3 were r e a r - e n d  i m p a c t s ,  and one 
was a n  a n g l e  o r  s i d e - i m p a c t  c r a s h .  The sample  s i z e  o f  t h e s e  v e h i c l e s  
and a c c i d e n t  t y p e s  is s m a l l ,  l i m i t i n g  t h e  c o n c l u s i o n s  which c a n  be 
drawn from t h e s e  d a t a .  A s  t a b u l a t e d  i n  F i g u r e  1 9 ,  a  t o t a l  of  12  
f a t a l  a c c i d e n t s  w i t h  f i r e  o c c u r r e d  w i t h  s p o r t s  c a r s ,  r e s u l t i n g  i n  1 8  
f a t a l i t i e s .  Of t h e s e ,  1 5  d e a t h s  r e s u l t e d  f rom t h e  f i r e .  Most o f  
t h e  a c c i d e n t s  i n c l u d e d  l o s s  o f  c o n t r o l  and s t r i k i n g  o f  m u l t i p l e  f i x e d  
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FIG.  19 
MICHIGAN FATAL ACCIDENTS ACCOMPANIED B Y  FlRE 
SOURCE: As in Figures 18 and 19. 
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o b j e c t s  a t  h i g h  s p e e d ,  w i t h  o c c u p a n t s  from 21 t o  23 y e a r s  o f  a g e .  
These  were  a l l  s e v e r e  c r a s h e s ,  which p e r h a p s  s u g g e s t s  t h a t  young 
d r i v e r s ,  when combined w i t h  " s p o r t s "  o r  "h igh  pe r fo rmance"  v e h i c l e s ,  
t e n d  t o  o p e r a t e  s u c h  v e h i c l e s  up t o  and somet imes  beyond t h e  limits 
of  t h e i r  p e r f o r m a n c e .  Most no tewor thy  i n s t h i s  group was t h e  number 
o f  f a t a l  c r a s h e s  i n v o l v i n g  f i r e  w i t h  a n  American s p o r t s  c a r  p o s s e s s -  
i n g  a  f i b e r - g l a s s  body.  T h i s  s p o r t s  c a r  model was i n v o l v e d  i n  8 o f  
t h e  12 f a t a l  a c c i d e n t s ,  r e s u l t i n g  i n  14  o f  t h e  f a t a l i t i e s  i n  t h e  
s p o r t s  c a r  c a t e g o r y .  H e r e ,  1 3  o f  t h e s e  d e a t h s  r e s u l t e d  d i r e c t l y  
from f i r e .  The " s t i f f 1 '  c h a r a c t e r i s t i c s  and d i s t i n c t i v e  f r a c t u r e  
b e h a v i o r  o f  t h e  f i b e r - g l a s s  body,  a l o n g  w i t h  t h e  h i g h  l o c a t i o n  o f  
i t s  f u e l  t a n k  i n  r e l a t i o n  t o  t h e  v e h i c l e  f r ame ,  may be  r e s p o n s i b l e  
f o r  e x p o s i n g  f u e l  s y s t e m  components t o  g r e a t e r  damage i n  s e v e r e  
c r a s h e s ,  which c o u l d  r e s u l t  i n  f i r e .  
Compact and i n t e r m e d i a t e - s i z e  p a s s e n g e r  c a r s  showed a  h i g h  
i n c i d e n c e  o f  d e a t h  by f i r e .  I n  t h e  compact c a t e g o r y ,  which l i s t s  8 
a c c i d e n t s ,  2  o f  t h o s e  a c c i d e n t s  i n v o l v e d  v e h i c l e s  w i t h  e n g i n e s  i n  
t h e  r e a r ,  r e s u l t i n g  i n  5 d e a t h s  from f i r e .  
O t h e r  f i n d i n g s  i n  t h e  a n a l y s i s  o f  Michigan f a t a l  a c c i d e n t s  
accompanied by f i r e  showed t h a t  t h e  g r o u p  i n c l u d e d  two c a r - t r a i n  
c r a s h e s  i n  which t h e  d r i v e r s  i n  t h e  two p a s s e n g e r  c a r s  s u s t a i n e d  
f a t a l  i n j u r i e s  from f i r e .  T h r e e  m o t o r c y c l e  a c c i d e n t s  r e s u l t e d  i n  
d e a t h  t o  t h e  d r i v e r s  a s  a  r e s u l t  o f  f i r e .  These were s i d e - i m p a c t  
c r a s h e s  which r u p t u r e d  t h e  m o t o r c y c l e  f u e l  t a n k s .  Twelve a c c i d e n t s  
i n v o l v i n g  i n t o x i c a t e d  and /o r  d rugged  d r i v e r s  r e s u l t e d  i n  1 7  d e a t h s ,  
w i t h  9 o f  t h o s e  r e s u l t i n g  from f i r e .  
F i v e  a c c i d e n t s  were  c l a s s i f i e d  a s  s u i c i d e  o r  a  c o m b i n a t i o n  o f  
s u i c i d e  and homic ide .  O f f i c i a l  p o l i c e  r e p o r t s  i n d i c a t e  a  r e l u c t a n c e  
on t h e  p a r t  o f  i n v e s t i g a t i n g  o f f i c e r s  t o  s u g g e s t  t h e  p o s s i b i l i t y  of  
s u i c i d e  i n  a  f a t a l  a c c i d e n t .  However, i n  c a s e s  i n  which a  d r i v e r  
a p p a r e n t l y  d e l i b e r a t e l y  c r o s s e s  t h e  median of  a  d i v i d e d  l i m i t e d -  
a c c e s s  h ighway,  a t  n i g h t  w i t h o u t  l i g h t s ,  and c r a s h e s  head-on a t  h i g h  
s p e e d  i n t o  a  c a r  i n  t h e  oncoming s t r e a m  o f  v e h i c l e s ,  t h e  a c c i d e n t  is 
most l i k e l y  a  v e h i c u l a r  s u i c i d e ,  even  i n  t h e  a b s e n c e  o f  a  s u i c i d e  
n o t e .  Of t h e  9 o c c u p a n t s  i n  v e h i c l e s  i n  t h e  f i v e  c r a s h e s  c l a s s i f i e d  
a s  v e h i c u l a r  s u i c i d e s ,  8 d i e d  a s  a  r e s u l t  o f  f i r e  i n  e x c e p t i o n a l l y  
s e v e r e  c r a s h e s .  
T h r e e  f a t a l  a c c i d e n t s  accompanied by f i r e  i n v o l v e d  v e h i c l e  
m a l f u n c t i o n s .  They r e s u l t e d  i n  3 d e a t h s ,  one  d i r e c t l y  from f i r e .  
One of  t h e  a c c i d e n t s  i n v o l v e d  a  t r u c k  t r a c t o r  w i t h  t a n k e r  semi-  
t r a i l e r  c o n t a i n i n g  g a s o l i n e .  The s t e e r i n g  wheel  i n  t h e  t r a c t o r  came 
unmounted w h i l e  t h e  t r u c k  was i n  m o t i o n ,  r e s u l t i n g  i n  t h e  u n c o n t r o l l e d  
t r u c k  c o m b i n a t i o n  c r o s s i n g  t h e  roadway c e n t e r l i n e  and c o l l i d i n g  head- 
o n  w i t h  a  p a s s e n g e r  c a r .  The t a n k e r  e x p l o d e d  and b u r n e d ,  b u t  t h e  
d r i v e r  of  t h e  p a s s e n g e r  c a r  d i e d  f rom i n j u r i e s  o t h e r  t h a n  b u r n s .  A 
s e c o n d  t r u c k  t r a c t o r  and s e m i - t r a i l e r  c o m b i n a t i o n  went o u t  of  c o n t r o l  
a s  a  r e s u l t  o f  a  t i r e  b low-out .  The c o m b i n a t i o n  r o l l e d  o v e r  and t h e  
d r i v e r  burned  t o  d e a t h  w h i l e  p i n n e d  i n  t h e  t r a c t o r  c a b .  The t h i r d  
a c c i d e n t  i n v o l v e d  a  1930 Ford s e d a n  which had been m o d i f i e d  by a 
t e e n a g e r  i n t o  a  h igh-per fo rmance  v e h i c l e .  While t h e  c a r  was s p e e d i n g  
on a  D e t r o i t  f r e e w a y ,  i t s  t r a n s m i s s i o n  e x p l o d e d ,  r e s u l t i n g  i n  a  
s e v e r e d  f u e l  l i n e  and f i r e .  The d r i v e r  and p a s s e n g e r  jumped from t h e  
b u r n i n g  v e h i c l e  w h i l e  i t  was s t i l l  moving,  and one  d i e d  from i n j u r i e s  
r e c e i v e d  from t h e  d e l i b e r a t e  jump. 
I n  sum, t h e  i n - d e p t h  r e v i e w  o f  Michigan f a t a l  a c c i d e n t  r e p o r t s  
f o r  t h e  p e r i o d  1968-1972 showed t h a t  o f  t h e  7 , 5 5 9  motor  v e h i c l e  d e a t h s ,  
74 r e s u l t e d  from f i r e .  When t h i s  . 9 8  p e r c e n t  o f  a l l  v e h i c l e  a c c i -  
d e n t  d e a t h s  is a p p l i e d  t o  t h e  t o t a l  n a t i o n a l  a c c i d e n t  d e a t h s  f o r  1972 
(44 ,800  " i n - c a r "  f a t a l i t i e s ) ,  t h i s  p roduces  a n  e s t i m a t e  o f  448 
d e a t h s  n a t i o n a l l y .  The r e v i e w  a l s o  showed t h a t  a  t o t a l  of  121  
f a t a l i t i e s  o c c u r r e d  i n  a c c i d e n t s  accompanied by f i r e  ( i n c l u d i n g  t h e  
74 d i r e c t l y  r e s u l t i n g  from f i r e ) .  When t h i s  1 . 6  p e r c e n t  o f  a l l  
v e h i c l e  a c c i d e n t  d e a t h s  is  a p p l i e d  t o  t h e  1972 n a t i o n a l  " i n - c a r "  
f a t a l i t y  t o t a l ,  t h i s  r e s u l t s  i n  a n  e s t i m a t e  o f  718 a n n u a l  f a t a l i t i e s  
i n  a c c i d e n t s  accompanied by f i r e .  The p e r c e n t a g e s  o f  . 9 8  f o r  " d e a t h s  
r e s u l t i n g  from" and 1 . 6  f o r  " d e a t h s  accompanied by" f a l l  on e i t h e r  
s i d e  o f  t h e  1.3 p e r c e n t  f i n d i n g  i n  t h e  s t u d y  o f  Wayne County d e a t h  
c e r t i f i c a t e s  on 1967-1969 v i c t i m s  o f  f a t a l  t r a f f i c  a c c i d e n t s ,  which 
would p r o j e c t  a  n a t i o n a l  f i g u r e  o f  583 f o r  b u r n - a s s o c i a t e d  t r a f f i c  
a c c i d e n t  f a t a l i t i e s .  
The a v e r a g e  number o f  d e a t h s  p e r  f a t a l  a c c i d e n t  i n v o l v i n g  f i r e  
is o f  p a r t i c u l a r  s i g n i f i c a n c e .  T h i s  was found t o  be 1 . 4 4 ,  compared 
t o  1 . 1 6  i n  a l l  f a t a l  a c c i d e n t s  n a t i o n a l l y ,  and 1 . 2  f o r  t u r n p i k e  
highway f a t a l  a c c i d e n t s ,  showing t h a t  f a t a l  a c c i d e n t s  i n v o l v i n g  f i r e  
a r e  most  l e t h a l .  
4 . 4  HSRI A n a l y s e s  o f  S t a t e  and  N a t i o n a l  F i r e  Records  
The p rob lem o f  f i r e  i n  motor  v e h i c l e s  was a l s o  a p p r o a c h e d  
t h r o u g h  c o n s i d e r a t i o n  of  a v a i l a b l e  r e p o r t s  and s t a t  is t i c s  p r e p a r e d  
by v a r i o u s  s t a t e  and n a t i o n a l  o r g a n i z a t i o n s  c o n c e r n e d  w i t h  f i r e  p ro -  
t e c t i o n  and f i r e  l o s s e s  o f  a l l  k i n d s .  T h i s ' f i e l d  is c h a r a c t e r i z e d  
c h i e f l y  by a  l a c k  o f  u n i f o r m i t y  i n  t e r m i n o l o g y  and a c c o u n t i n g  p r o -  
c e d u r e s .  Even t h e  b a s i c  d e f i n i t i o n  of what c o n s t i t u t e s  a  f i r e  
c a s u a l t y  v a r i e s  c o n s i d e r a b l y  f rom o r g a n i z a t i o n  t o  o r g a n i z a t i o n ,  and 
r e l i a b l e  n a t i o n w i d e  d a t a  on motor  v e h i c l e  p o s t - c r a s h  f i r e s  is non- 
e x i s t e n t .  
W i t h i n  t h e s e  l i m i t a t i o n s ,  d a t a  from t h e  N a t i o n a l  F i r e  P r o t e c t i o n  
A s s o c i a t i o n  i n d i c a t e s  t h a t  t h e  number o f  motor  v e h i c l e  f i r e s  h a s  
c o n t i n u e d  t o  grow a n n u a l l y .  T h i s  is d e p i c t e d  i n  t e r m s  of  a  p e r c e n t -  
a g e  o f  t h e  U.S. p o p u l a t i o n  i n  F i g u r e  20 .  The g r a p h  is tempered  by 
t h e  f a c t  t h a t  t h e  v e h i c l e  p o p u l a t i o n  h a s  i n c r e a s e d  a t  a  g r e a t e r  r a t e  
d u r i n g  t h i s  p e r i o d  t h a n  h a s  t h e  r a t e  o f  a l l  motor  v e h i c l e  f i r e s .  
I n  g e n e r a l ,  o r g a n i z a t i o n s  c o n c e r n e d  w i t h  a l l  t y p e s  o f  f i r e s  
( e . g . ,  s t a t e  f i r e  m a r s h a l s )  u s e  a  s i n g l e  c l a s s i f i c a t i o n  f o r  motor  
v e h i c l e  f i r e s .  T h i s  would i n c l u d e  a  f i r e  r e s u l t i n g  from a n  a c c i d e n t ,  
a  g a r a g e  f i r e  which d e s t r o y s  a  p a r k e d  c a r ,  o r  a  f i r e  r e s u l t i n g  f rom 
c o m b u s t i o n  o f  m a t e r i a l s  w i t h i n  a  v e h i c l e .  Al though  a n  a c c u r a t e  
e s t i m a t e  o f  motor  v e h i c l e  p o s t - c r a s h  f i r e s  w i t h i n  t h i s  g r o s s  
c l a s s i f i c a t i o n  is  i m p o s s i b l e ,  d a t a  o b t a i n e d  from t h e  N a t i o n a l  F i r e  
P r e v e n t i o n  A s s o c i a t i o n  and from a few s t a t e s  p r o v i d e d  some i n s i g h t  
i n t o  t h e  p r o b l e m ,  p a r t i c u l a r l y  i n  t h e  a r e a  o f  v e h i c l e - a c c i d e n t -  
r e l a t e d  b u r n  d e a t h s .  
The N a t i o n a l  F i r e  P r e v e n t i o n  A s s o c i a t i o n  is p r o b a b l y  t h e  s i n g l e  
mos t  e f f e c t i v e  o r g a n i z a t i o n  engaged  i n  d e v e l o p i n g  n a t i o n a l  s t a t i s t i c s  
r e l a t i n g  t o  f i r e .  I t s  F i r e  P r o t e c t i o n  Handbook ( 1 3 t h  E d i t i o n ,  
R e v i s e d )  r e p o r t s  a  t o t a l  o f  2 , 0 3 5  d e a t h s  a s s o c i a t e d  w i t h  motor  
v e h i c l e s  ( e x c e p t i n g  t a n k  t r u c k s )  o v e r  a 35-year  p e r i o d .  The NFPA 
e s t i m a t e s  t h a t  t h e s e  d e a t h s  a r e  a p p r o x i m a t e l y  1 0  p e r c e n t  o f  t h e  t o t a l  
e s t i m a t e d  f i r e  f a t a l i t i e s  ( 2 0 , 3 5 0  d e a t h s  f o r  t h e  35-year  p e r i o d  
1935-1972) .  Accord ing  t o  t h e  N a t i o n a l  S a f e t y  C o u n c i l ,  t o t a l  motor  
v e h i c l e  d e a t h s  f o r  t h a t  35-year  p e r i o d  were  1 , 3 8 8 , 9 1 5 .  Thus ,  u s i n g  
t h o s e  f i g u r e s ,  t h e  a v e r a g e  a n n u a l  f a t a l i t y  r a t e  o f  burn  d e a t h s  
a s s o c i a t e d  w i t h  motor  v e h i c l e s  d u r i n g  t h a t  3 5 - y e a r  p e r i o d  is 1 . 5  
p e r c e n t  o f  t o t a l  motor  v e h i c l e  d e a t h s .  P r o j e c t i n g  t h i s  1 . 5  p e r c e n t  

t o  t h e  1972 " i n - c a r "  v e h i c l e  a c c i d e n t  d e a t h  t o t a l  r e s u l t s  i n  a n  e s t i m a t e  
o f  672 a n n u a l  motor  v e h i c l e  a c c i d e n t  d e a t h s  a s s o c i a t e d  w i t h  f i r e .  
4 . 4 . 1  Oregon F i r e  S t a t i s t i c s  
Of t h e  v a r i o u s  s t a t e s  which c o m p i l e  ' f i r e  s t a t i s t i c s ,  Oregon is 
o n e  of  t h e  more p r o g r e s s i v e  w i t h  r e g a r d  t o  t h e  d e t a i l  a n d  u n i f o r m i t y  
o f  i t s  r e p o r t s .  The emphas i s  i n  t h e  r e p o r t i n g  is o n  f i r e s  i n  b u i l d -  
i n g s ,  t h e i r  c a u s e s ,  and r e s u l t a n t  mone ta ry  l o s s e s .  However, v e h i c l e  
f i r e s  a r e  r e p o r t e d  i n  more d e t a i l  t h a n  by most o t h e r  s t a t e s .  HSRI 
a n a l y s i s  o f  Oregon s t a t i s t i c s  o n  a u t o  f i r e s  f o r  t h e  p e r i o d  1969-1973 
r e s u l t e d  i n  t h e  f o l l o w i n g  f i n d i n g s :  
( 1 )  Auto f i r e s  a r e  12  p e r c e n t  o f  a l l  f i r e s  i n  Oregon. 
( 2 )  An a v e r a g e  o f  9  d e a t h s  p e r  y e a r  o c c u r  i n  f i r e s  
r e s u l t i n g  from c r a s h e s .  
( 3 )  Deaths  from f i r e  i n  motor  v e h i c l e  a c c i d e n t s  r e p r e -  
s e n t  1 . 2 5  p e r c e n t  o f  d e a t h s  i n  a l l  v e h i c l e  
a c c i d e n t s .  
( 4 )  The 1 . 2 5  p e r c e n t  a p p l i e d  t o  t h e  1972 " i n - c a r "  
n a t i o n a l  v e h i c l e  a c c i d e n t  f a t a l i t y  t o t a l  r e s u l t s  
i n  a n  e s t i m a t e  o f  560 d e a t h s  p e r  y e a r  i n  v e h i c l e  
c r a s h e s  accompanied by f i r e .  
The Oregon s t a t i s t i c s  on t h e  o r i g i n  and " c a u s e "  o f  a u t o  f i r e s  
a r e  p r e s e n t e d  i n  F i g u r e  21 .  T h i s  is t y p i c a l  o f  t h e  way f i r e  p ro -  
t e c t  i o n  o r g a n i z a t i o n s  o r g a n i z e  s t a t i s t i c s  on v e h i c l e  f i r e s .  Note 
t h a t  t h e  c a t e g o r i e s  do n o t  i n c l u d e  t r a f f i c  a c c i d e n t s  a s  e i t h e r  o r i g i n  
o r  c a u s e  o f  f i r e .  The p e r c e n t a g e s  p r e s e n t e d  i n  F i g u r e  2 1  r e p r e s e n t  
a l l  motor  v e h i c l e  f i r e s  i n  Oregon,  o f  which p o s t - c r a s h  f i r e s  a r e  b u t  
a  s u b s e t .  While t h e  d a t a  s h e d  l i t t l e  l i g h t  o n  t h e  problem o f  i n -  
j u r i e s  and d e a t h s  from p o s t - c r a s h  v e h i c l e  f i r e s ,  t h e y  do a s s o c i a t e  
g a s o l i n e ,  c a r b u r e t o r  b a c k - f i r e ,  and e n g i n e  a r e a  w i t h  most ( b u t  no t  
n e c e s s a r i l y  f a t a l )  v e h i c l e  f i r e s .  
The t o t a l  number of  f a t a l i t i e s  a t t r i b u t e d  t o  v e h i c l e  f i r e s  i n  
Oregon is s m a l l .  The v e h i c l e  f i r e  f a t a l i t i e s  a r e  c l a s s i f i e d  a s  
"Wreck and F i r e ,  " S u i c i d e ,  " "Open Flame--Non-t raf f  i c ,  " and 
"Undetermined."  I f  a l l  v i c t i m s ,  i n c l u d i n g  t h o s e  i d e n t i f i e d  a s  
s u i c i d e s ,  a r e  presumed t o  have d i e d  f rom burns  r a t h e r  t h a n  impact  
t r a u m a ,  t h e  f o u r - y e a r  a v e r a g e  o f  s u c h  d e a t h s  a s  a  p e r c e n t a g e  o f  a l l  
Oregon t r a f f i c  f a t a l i t i e s  is 1 . 2 5 .  
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4 . 4 . 2  Michigan F i r e  S t a t  is t i c s  
S i m i l a r  f i r e  s t a t i s t i c s  o f  t h e  S t a t e  o f  Michigan f o r  1972 were  
a l s o  examined.  A s  r e c o r d e d  by t h e  F i r e  M a r s h a l l  D i v i s i o n  of  t h e  
Mich igan  Depar tment  of  S t a t e  P o l i c e ,  t h e r e  were  26 d e a t h s  i n  
Michigan a u t o m o b i l e  a c c i d e n t  f i r e s  r e s u l t i n g  from a  c r a s h .  Auto 
f i r e s  r e p r e s e n t e d  1 8  p e r c e n t  o f  a l l  f i r e s .  E i g h t  p e r c e n t  o f  a l l  
f i r e - r e l a t e d  d e a t h s  r e s u l t e d  f rom f i r e  i n  a u t o s .  Dea ths  accompanied 
by f i r e  i n  motor  v e h i c l e  a c c i d e n t s  r e p r e s e n t e d  1 . 4  p e r c e n t  o f  a l l  
motor  v e h i c l e  f a t a l i t i e s .  
A p p l i c a t i o n  o f  t h e  1 . 4  p e r c e n t  t o  1972 n a t i o n a l  motor  v e h i c l e  
a c c i d e n t  f a t a l i t i e s  r e s u l t s  i n  a n  e s t i m a t e  o f  627 s u c h  f a t a l i t i e s  
a n n u a l l y  n a t i o n w i d e .  
4 . 4 . 3  Iowa F i r e  S t a t i s t i c s  
Iowa r e c o r d s  f o r  t h e  y e a r s  1971  and 1972 were  examined.  The 
d a t a  i n c l u d e  t h e  f o l l o w i n g  s t a t i s t i c s :  Auto f i r e s  i n  Iowa r e p r e s e n t  
20 p e r c e n t  o f  a l l  r e p o r t e d  f i r e s  i n  Iowa. An a v e r a g e  o f  12  d e a t h s  
p e r  y e a r  o c c u r r e d  i n  Iowa a s  a  r e s u l t  o f  f i r e s  accompanying motor  
v e h i c l e  c r a s h e s .  S i x t e e n  p e r c e n t  o f  a l l  f i r e - r e l a t e d  d e a t h s  r e -  
s u l t e d  from f i r e  i n  a u t o s .  Dea ths  f rom f i r e  i n  motor  v e h i c l e  a c c i -  
d e n t s  r e p r e s e n t e d  1 . 4 2  p e r c e n t  o f  a l l  v e h i c l e  a c c i d e n t  d e a t h s .  
A p p l i c a t i o n  o f  t h e  1 . 4 2  p e r c e n t  t o  t h e  1972 n a t i o n a l  v e h i c l e  
a c c i d e n t  f a t a l i t y  t o t a l  (44 ,800)  r e s u l t s  i n  a n  e s t i m a t e  of  635 
v e h i c l e - f i r e - r e l a t e d  f a t a l i t i e s  a n n u a l l y  n a t i o n w i d e .  
4 . 4 . 4  Los Angeles  F i r e  S t a t i s t i c s  
Los Angeles  C i t y  and County f i r e  s t a t i s t i c s  were  d i s c u s s e d  
p r e v i o u s l y  ( S e c t i o n  4 . 1 )  i n  t h e  e v a l u a t i o n  o f  t h e  S i e g e l  and Nahum 
s t u d y .  F i r e  s t a t i s t i c s  e s t i m a t e d  by S i e g e l  and Nahum and p r e s e n t e d  
i n  t h e i r  s t u d y  r e p o r t  d i f f e r  c o n s i d e r a b l y  from t h e  p a t t e r n  o f  
s t a t i s t i c s  r e p o r t e d  by t h e  NFPA and by Oregon, Mich igan ,  and Iowa. 
The d i s c r e p a n c y  may be due t o  S i e g e l  and Nahum's problems o f  a t t e m p t -  
i n g  t o  s e p a r a t e  t h e  i n t e r l o c k i n g  s t a t i s t i c s  k e p t  f o r  t h e  C i t y  o f  Los 
Angeles  and t h e  County of Los A n g e l e s ,  o r  i t  may m e r e l y  r e f l e c t  t h e  
i d i o s y n c r a c i e s  o f  Los Angeles  r e s i d e n t s ,  t h e i r  d r i v i n g  b e h a v i o r ,  and 
t h e i r  roadway s y s t e m .  I n  any c a s e ,  t h e  f i n d i n g s  a s  r e p o r t e d  by 
S i e g e l  and Nahum f o r  t h e  p e r i o d  1966-1969 were  t h e s e :  Auto f i r e s  
r e p r e s e n t  1 9  p e r c e n t  o f  a l l  f i r e s .  The e s t i m a t e d  p e r c e n t a g e  o f  
d e a t h s  p e r  y e a r  i n  f i r e s  r e s u l t i n g  f rom c r a s h e s  is 12 p e r c e n t  o f  a l l  
t r a f f i c  d e a t h s .  D e a t h s  from f i r e  i n  a u t o  c r a s h e s  r e p r e s e n t  22 p e r -  
c e n t  o f  a l l  f i r e  d e a t h s  and  2 . 7  p e r c e n t  o f  a l l  d e a t h s  r e s u l t i n g  from 
motor  v e h i c l e  a c c i d e n t s .  The 2 . 7  p e r c e n t , , w h e n  a p p l i e d  t o  t h e  1972 
t o t a l  " i n - c a r "  n a t i o n a l  f a t a l i t y  number,  r e s u l t s  i n  a n  e s t i m a t e  o f  
1 , 2 1 5  s u c h  f a t a l i t i e s  p e r  y e a r  n a t i o n w i d e .  T h i s  e s t i m a t e  is approx-  
i m a t e l y  t w i c e  a s  h i g h  a s  e s t i m a t e s  b a s e d  on most  o f  t h e  o t h e r  s t u d i e s  
and  r e c o r d s  examined i n  t h i s  HSRI i n v e s t i g a t i o n .  The p e r c e n t a g e  
f i g u r e  f o r  t h e  Los Ange les  a r e a  may i n d e e d  by a c c u r a t e .  However, a s  
p r e v i o u s l y  m e n t i o n e d ,  Los Ange les  may n o t  a c c u r a t e l y  r e p r e s e n t  
t r a f f i c  c o n d i t i o n s  t h r o u g h o u t  t h e  U n i t e d  S t a t e s .  T h i s  e s t i m a t e ,  a s  
w e l l  a s  t h e  e s t i m a t e  r e s u l t i n g  f rom t h e  Oklahoma s t u d y  ( S e c t i o n  
4 . 1 . 8 )  a p p e a r s  t o  p r e s e n t  a n  upper  bound o n  t h e  r a n g e  o f  e s t i m a t e s  
b a s e d  on s t u d i e s  examined i n  t h i s  HSRI s t u d y .  
4 . 4 . 5  I l l i n o i s  Depar tment  o f  P u b l i c  H e a l t h  M o r t a l i t y  S t a t i s t i c s  
M o r t a l i t y  r e c o r d s  m a i n t a i n e d  by t h e  I l l i n o i s  Depar tment  o f  
P u b l i c  H e a l t h  i n c l u d e  a  c a t e g o r y  o f  d e a t h s  r e s u l t i n g  from f i r e s  and 
e x p l o s i o n s  o c c u r r i n g  i n  motor  v e h i c l e  a c c i d e n t s .  T h i s  s t a t i s t i c  is 
u s e d  by t h e  N a t i o n a l  S a f e t y  C o u n c i l  i n  p r e p a r a t i o n  o f  t h e i r  a n n u a l  
s t a t i s t i c a l  summary r e g a r d i n g  motor  v e h i c l e  a c c i d e n t s .  
Through c o o p e r a t i o n  by t h e  I l l i n o i s  Depar tment  o f  P u b l i c  H e a l t h  
and I l l i n o i s  Depar tment  o f  T r a n s p o r t a t i o n ,  HSRI r e v i e w e d  t e n  y e a r s  o f  
t h e  1 1 - l i n o i s  d a t a  (1963-1972) and found  334 d e a t h s  a t t r i b u t e d  t o  
f i r e  and e x p l o s i o n s  o c c u r r i n g  i n  motor  v e h i c l e  a c c i d e n t s .  More t h a n  
o n e - h a l f  o f  t h o s e  f a t a l i t i e s  r e s u l t e d  from c o l l i s i o n s  i n v o l v i n g  two 
o r  more v e h i c l e s ,  and a p p r o x i m a t e l y  o n e - t h i r d  o f  them r e s u l t e d  from 
s i n g l e - v e h i c l e  a c c i d e n t s .  By c o u n t i n g  a l l  t r a f f i c  f a t a l i t i e s  i n  t h e  
I l l i n o i s  s t a t i s t i c s  f o r  t h e  t e n - y e a r  p e r i o d ,  and e x c l u d i n g  t h o s e  o f  
p e d e s t r i a n s  and b i c y c l i s t s ,  t h e  334 f i r e - r e l a t e d  d e a t h s  r e p r e s e n t  1 . 7  
p e r c e n t  o f  t h e  t o t a l  motor  v e h i c l e  f a t a l i t i e s  i n  t h e  I l l i n o i s  r e c o r d s  
f o r  t h e  t e n - y e a r  p e r i o d .  P r o j e c t e d  t o  t h e  n a t i o n a l  v e h i c l e  a c c i d e n t  
f a t a l i t y  t o t a l  f o r  1972 ,  t h e  1 . 7  p e r c e n t  r e s u l t s  i n  a n  e s t i m a t e  o f  
762 a n n u a l  f i r e - r e l a t e d  t r a f f i c  a c c i d e n t  d e a t h s  n a t i o n w i d e .  
4 . 5  Economic Cons i d e r a  t i ons  
The number of  l i v e s  l o s t  from f i r e s  i n  motor v e h i c l e  a c c i d e n t s  
is r e l a t i v e l y  s m a l l  compared t o  t h e  number of d e a t h s  r e s u l t i n g  from 
o t h e r  k inds  of i n j u r i e s  i n  motor v e h i c l e  a c c i d e n t s .  Neve r the l e s s ,  
improvements i n  v e h i c l e  f u e l  sys tems a r e  needed, and t h e  s p e c i f i c a -  
t i o n s  f o r  f u e l  system i n t e g r i t y  i n  t h e  amended Motor Vehic le  S a f e t y  
S tanda rd  #301 w i l l  make f u e l  sys tems more s a f e .  
Obviously a n  e s t i m a t e  of  t h e  number of l i v e s  t h a t  can be saved  
by t h e  use of v e h i c l e s  t h a t  comply w i t h  t h e  amended MVSS #301 is a  
s t a r t i n g  p o i n t  f o r  computat ion of t h e  c o s t s  and b e n e f i t s  a s s o c i a t e d  
w i t h  MVSS #301. The e s t i m a t e d  number of l i v e s  t h a t  might be saved  
a n n u a l l y  ( s e e  S e c t i o n  5 .4 )  is 180 t o  260. However, t h i s  r e d u c t i o n  
i n  burn f a t a l i t i e s  would not be ach ieved  u n t i l  a l l  motor v e h i c l e s  
on U.S. roadways meet t h e  requi rements  of t h e  amended MVSS #301. 
This  would be y e a r s  away because of  t h e  i n t r o d u c t i o n  r a t e  of new 
c a r s  complying wi th  t h e  amended s t a n d a r d  i n t o  t h e  t o t a l  v e h i c l e  
p o p u l a t i o n .  A d o l l a r  f i g u r e  a s s i g n a b l e  t o  each f a t a l i t y ,  acco rd ing  
t o  a  r e c e n t  NHTSA s t u d y  r e p o r t  ( S o c i e t a l  Cos ts  of Motor Vehic le  ---
Acc iden t s )  is $200,000. Thus, a p a r t  from t h e  i n t a n g i b l e  pe r sona l  
and human c o s t s  t o  i n d i v i d u a l  v i c t i m s  and t h e i r  f a m i l i e s ,  t h e  s o c i a l  
o r  s o c i e t a l  c o s t  of 180 t o  260 annual  f a t a l i t i e s  ranges  from $36 
m i l l i o n  t o  $52 m i l l i o n .  
Some c r i t i c s  of v e h i c l e  f u e l  system d e s i g n s  have used an e s t i -  
mate of  3 ,500  l i v e s  a s  t h e  number t h a t  might be  saved  through com- 
p l i a n c e  wi th  MVSS #301. That e s t i m a t e  is g r e a t e r  t han  10  t imes t h e  
e s t i m a t e  a r r i v e d  a t  on t h e  b a s i s  of t h i s  HSRI s t u d y .  A t  $200,000 per  
l i f e  s a v e d ,  t h a t  would mean a  s o c i e t a l  s a v i n g  of  $700 m i l l i o n ,  
r a t h e r  than  $36-52 m i l l i o n .  
The c o s t  t o  t h e  au tomobi le  i n d u s t r y  (and e v e n t u a l l y  t h e  auto-  
buying p u b l i c )  of compliance w i t h  MVSS #301 is unknown. I f  t h e  
t o t a l  c o s t  t o  t h e  a u t o  i n d u s t r y  ( f o r  R&D, t o o l i n g ,  m a t e r i a l s ,  e t c . )  
were $100 m i l l i o n ,  and t h i s  were d i s t r i b u t e d  over  10 m i l l i o n  c a r s  
i n  one y e a r ' s  p r o d u c t i o n ,  t h e  added c o s t  pe r  v e h i c l e  would be $10. 
I f  t o t a l  added c o s t  were $200 m i l l i o n ,  t o t a l  added c o s t  pe r  v e h i c l e  
would be $20; and s o  f o r t h .  
The v a l u e  judgment involved  i n  t h e  d e c i s i o n  concern ing  what is 
a  r ea sonab le  e q u a t i o n  of  " cos t  d o l l a r s "  t o  " b e n e f i t  d o l l a r s "  does 
n o t  n e c e s s a r i l y  depend o n  any a s s u m p t i o n  o f  e q u i v a l e n c e  o r  p a r i t y .  
That  i s ,  t h e  dec i s ion-maker  is n o t  c o n f i n e d  by any r e q u i r e m e n t  t h a t  
t h e  e x p e c t e d  c o s t s  be e q u a l  to o r  less t h a n  t h e  e x p e c t e d  b e n e f i t s .  
I f  t h e  b e n e f i t  o f  compl iance  w i t h  MVSS #301 is e s t i m a t e d  t o  be  $100 
m i l l i o n ,  t h i s  d o e s  no t  r e q u i r e  t h a t  t h e  c o q t s  o f  compl iance  be e q u a l  
t o  o r  less t h a n  $100 m i l l i o n .  A more e f f e c t i v e  c o s t - b e n e f i t  com- 
p a r i s o n  would i n v o l v e  e s t i m a t i n g  w h e t h e r  more l i v e s  c o u l d  be s a v e d  
by a p p l i c a t i o n  o f  t h e  same amount o f  " c o s t "  d o l l a r s  t o  v e h i c l e  
improvements o t h e r  t h a n  ( o r  combined w i t h )  t h o s e  now under  s p e c i f i c  
c o n s i d e r a t i o n ,  even  though d o l l a r  f i g u r e s  f o r  s u c h  b r o a d e r  com- 
p a r i s o n s  a r e  l e s s  e a s y  t o  d e v e l o p .  
C o s t - b e n e f i t  f i g u r e s  c a n  be h e l p f u l ,  bu t  b e f o r e  t h e y  c a n  be 
h e l p f u l  t h e y  must be a c c u r a t e ,  and no a c c u r a t e  e s t i m a t e s  o f  t h e  c o s t  
o f  compl iance  w i t h  MVSS #301 have a s  y e t  been i d e n t i f i e d .  
C e r t a i n l y  t h e  problem o f  f i r e  i n  motor  v e h i c l e  a c c i d e n t s  w i l l  
be r e d u c e d  by i n d u s t r y  r e s p o n s e s  t o  MVSS #301 ,  a l t h o u g h  a  comple te  
s o l u t i o n  t o  t h e  problem w i l l  n o t  be a c h i e v e d .  Even a  c u r s o r y  r e v i e w  
o f  con tempora ry  v e h i c l e  d e s i g n s  shows t h a t  f u e l  s y s t e m s  have n o t  
been c o n s i d e r e d  a s  a  s i n g l e ,  i n t e g r a t e d ,  r u p t u r e - r e s i s t a n t  s y t e m ,  
bu t  a s  a  s e t  of  components a d a p t e d  t o  a  p a r t i c u l a r  v e h i c l e  a f t e r  i t s  
b a s i c  d e s i g n  h a s  been comple ted .  H o p e f u l l y  t h e  f i n d i n g s  o f  t h i s  
s t u d y ,  a l o n g  w i t h  t h e  impe tus  p r o v i d e d  by MVSS #301,  w i l l  c h a l l e n g e  
a u t o  makers  t o  p roduce  improved f u e l  s y s t e m s .  
5 .  CONCLUSIONS AND RECOMMENDATIONS 
5 . 1  F i r e s  R e s u l t i n g  from Motor V e h i c l e  A c c i d e n t s  
Approx imate ly  1 7 , 0 0 0  f i r e s  r e s u l t i n g  from motor  v e h i c l e  a c c i -  
d e n t s  o c c u r  e a c h  y e a r  i n  t h e  U.S. Such f i r e s  o c c u r  i n  a p p r o x i m a t e l y  
0 . 1  p e r c e n t  o f  t h e  17 m i l l i o n  motor  v e h i c l e  a c c i d e n t s  o c c u r r i n g  
a n n u a l l y  i n  t h e  U.S. T h i s  f i n d i n g  is b a s e d  on t h e  New York S t a t e  
s t u d y  o f  1969 and t h e  North  C a r o l i n a  s t u d y  o f  1 9 7 3 ,  which found t h a t  
f i r e  o c c u r r e d  i n  . 0 7  and . 0 4  p e r c e n t ,  r e s p e c t i v e l y ,  o f  a l l  motor  
v e h i c l e  a c c i d e n t s .  Because  n o n - f a t a l  v e h i c l e  a c c i d e n t  f i r e s  t e n d  t o  
be u n d e r r e p o r t e d  by p o l i c e  i n v e s t i g a t o r s  ( m a i n l y  b e c a u s e  s t a n d a r d  
r e p o r t  forms o f t e n  do n o t  p r o v i d e  f o r  n o t a t i o n  o f  f i r e  o c c u r r e n c e ) ,  
t h e  s t u d y  f i n d i n g s  o f  r e p o r t e d  o c c u r r e n c e s  o f  f i r e  were  i n c r e a s e d  t o  
a r r i v e  a t  t h e  e s t i m a t e  of  .1 p e r c e n t .  
The New York and North  C a r o l i n a  f i n d i n g s  o f  . 0 7  and .04  p e r c e n t  
were  s u p p o r t e d  by t h e  f i n d i n g s  o f  t h e  C o r n e l l  A c c i d e n t  C a u s a t i o n  
and I n j u r y  R e s e a r c h  s t u d y  o f  1 9 6 4 ,  which found  t h a t  f i r e  o c c u r r e d  i n  
. 4 5  p e r c e n t  o f  a l l  i n j u r y  a c c i d e n t s .  I n  n a t i o n a l  a c c i d e n t  s t a t i s t i c s  
t a b u l a t e d  by t h e  N a t i o n a l  S a f e t y  C o u n c i l ,  i n j u r y  a c c i d e n t s  r e p r e s e n t  
1 2  p e r c e n t  o f  a l l  motor  v e h i c l e  a c c i d e n t s .  T h e r e f o r e ,  12  p e r c e n t  o f  
t h e  C o r n e l l  . 4 5  p e r c e n t  f i n d i n g  r e s u l t s  i n  a  f i n d i n g  of  . 0 5  p e r c e n t  
f o r  t h e  C o r n e l l  d a t a .  
F i r e  p r o t e c t i o n  o r g a n i z a t i o n s  r e p o r t  t h a t  v e h i c l e  f i r e s  r e p r e -  
s e n t  12 t o  20 p e r c e n t  o f  a l l  r e p o r t e d  f i r e s .  However, most o f  t h o s e  
v e h i c l e  f i r e s  r e s u l t  f rom c a u s e s  o t h e r  t h a n  motor  v e h i c l e  a c c i d e n t s - -  
from e l e c t r i c a l  m a l f u n c t i o n s ,  c a r b u r e t o r  b a c k f i r e s ,  e t c . - - a n d  v e r y  
r a r e l y  r e s u l t  i n  f a t a l i t i e s .  
5 . 2  F a t a l i t i e s  R e s u l t i n g  from F i r e  i n  Motor V e h i c l e  A c c i d e n t s  
The number o f  a n n u a l  f a t a l i t i e s  r e s u l t i n g  f rom f i r e  i n  motor  
v e h i c l e  a c c i d e n t s  i n  t h e  U.S. is between 450 and 650 .  Those 
f i g u r e s  r e p r e s e n t  f rom 1 t o  1 . 5  p e r c e n t  o f  t h e  4 4 , 8 0 0  f a t a l i t i e s  o f  
v e h i c l e  o c c u p a n t s  ( e x c l u d i n g  p e d e s t r i a n s  and b i c y c l i s t s )  i n  1972 
U.S. motor  v e h i c l e  a c c i d e n t s .  F a t a l i t i e s  r e s u l t i n g  f rom f i r e  a r e  
d e f i n e d  a s  f a t a l i t i e s  t h a t  would not  have o c c u r r e d  had t h e  f i r e  not  
o c c u r r e d .  F a t a l i t i e s  accompanied by f i r e  i n  motor  v e h i c l e  a c c i d e n t s  
a r e  d e f i n e d  a s  f a t a l i t i e s  t h a t  i n c l u d e  d e a t h s  r e s u l t i n g  d i r e c t l y  o r  
s o l e l y  f rom f i r e ,  a s  w e l l  a s  d e a t h s  r e s u l t i n g  from n o n - f i r e - r e l a t e d  
i n j u r i e s  i n  a c c i d e n t s  i n  which f i r e  o c c u r r e d .  
5 . 3  F a t a l i t i e s  Accompanied by F i r e  i n  Motor V e h i c l e  A c c i d e n t s  
The number o f  a n n u a l  f a t a l i t i e s  o c c u r r i n g  i n  motor  v e h i c l e  
a c c i d e n t s  accompanied by f i r e  i n  t h e  U.S. is between 720 and 1 , 2 5 0 .  
Those  f i g u r e s  r e p r e s e n t  from 1 . 7  t o  2 . 8  p e r c e n t  o f  t h e  4 4 , 8 0 0  
f a t a l i t i e s  o f  v e h i c l e  o c c u p a n t s  ( e x c l u d i n g  p e d e s t r i a n s  and 
b i c y c l i s t s )  i n  1972 U.S. motor  v e h i c l e  a c c i d e n t s .  T h i s  c o n c l u s i o n ,  
and t h e  a b o v e - s t a t e d  c o n c l u s i o n  r e g a r d i n g  f a t a l i t i e s  r e s u l t i n g  f rom 
f i r e ,  is b a s e d  on HSRI e v a l u a t i o n s  o f  p r e v i o u s  r e s e a r c h  s t u d i e s  
( d i s c u s s e d  i n  S e c t i o n  4 . 1 ) ,  a n a l y s e s  o f  f o u r  d i f f e r e n t  b o d i e s  o f  
t r a f f i c  a c c i d e n t  and m e d i c a l  d a t a  ( d i s c u s s e d  i n  S e c t i o n s  4 . 2  and 
4 . 3 ) ,  and e x a m i n a t i o n  o f  f i v e  s e t s  o f  m o r t a l i t y  r e c o r d s  m a i n t a i n e d  
by s t a t e  and  n a t i o n a l  f i r e  p r o t e c t i o n  o r g a n i z a t i o n s  ( d i s c u s s e d  i n  
S e c t i o n  4 . 4 ) .  A g r a p h i c  summary o f  t h e  v a r i o u s  f i n d i n g s  is p r e -  
s e n t e d  i n  F i g u r e  22.  
5 . 4  Types o f  C r a s h e s ,  F u e l  Leakage ,  and F i r e  
C o n c l u s i o n s  b a s e d  upon HSRI a n a l y s e s  o f  t h e  r e l a t i o n s h i p  
between t y p e s  o f  c r a s h e s ,  f u e l  l e a k a g e ,  and f i r e s  a r e  p r e s e n t e d  h e r e  
i n  t e r m s  o f  g e n e r a l  r e l a t i o n s h i p s ,  s p e c i f i c  f i n d i n g s ,  and t h e  
e f f e c t s  o f  c o m p l i a n c e  w i t h  t h e  amended hlotor V e h i c l e  S a f e t y  S t a n d a r d  
#301.  
G e n e r a l  R e l a t i o n s h i p s  
F u e l  l e a k a g e  is  a  p r e r e q u i s i t e  f o r  a n  a c c i d e n t - i n d u c e d  f u e l - f e d  
f i r e ,  b u t  t h e  f r e q u e n c y  o f  o c c u r r e n c e  o f  f i r e  f o l l o w i n g  f u e l  l e a k a g e  
v a r i e s  c o n s i d e r a b l y ,  d e p e n d i n g  o n  t h e  t y p e  and s e v e r i t y  o f  t h e  c r a s h .  
Hence,  from a  s t a t i s t i c a l  s t a n d p o i n t ,  f u e l  l e a k a g e  is  n o t  a  v a l i d  
i n d i c a t o r  o f  t h e  o c c u r r e n c e  o f  f i r e .  A s  o n e  would e x p e c t ,  fue.1 
l e a k a g e  o c c u r s  most  o f t e n  i n  r e a r - e n d  i m p a c t s ,  and o c c u r s  more 
f r e q u e n t l y  a s  t h e  s e v e r i t y  o f  impac t  i n c r e a s e s .  
The t y p e  of  c r a s h  t h a t  r e s u l t s  i n  t h e  g r e a t e s t  number o f  c a s e s  
o f  f u e l  l e a k a g e  is no t  t h e  t y p e  o f  c r a s h  t h a t  r e s u l t s  i n  t h e  g r e a t e s t  
number o f  f a t a l i t i e s  i n  motor  v e h i c l e  a c c i d e n t s  accompanied by f i r e .  
Rear-end i m p a c t s  r e s u l t  i n  t h e  most  c a s e s  o f  f u e l  l e a k a g e ,  but  

s i n g l e - v e h i c l e  s e v e r e  f r o n t a l  c r a s h e s  result i n  t h e  g r e a t e s t  number 
o f  f a t a l i t i e s  i n  a c c i d e n t s  accompanied by f i r e .  
S p e c i f i c  F i n d i n g s  
A n a l y s e s  o f  f u e l  l e a k a g e  i n  a c c i d e n t  d a t a  c o n t a i n e d  i n  t h e  HSRI 
C o l l i s i o n  P e r f o r m a n c e  and I n j u r y  R e p o r t  (CPIR) F i l e  a n d  a p p l i e d  t o  
t h e  1972 Texas A c c i d e n t  F i l e  showed t h a t  t h e  p r o b a b i l i t y  o f  
o c c u r r e n c e  o f  f u e l  l e a k a g e  i n  minimum, m o d e r a t e ,  and s e v e r e  r e a r - e n d  
i m p a c t s  is 1 6 . 7  p e r c e n t ,  4 1 . 8  p e r c e n t ,  and 6 1 . 3  p e r c e n t ,  r e s p e c t -  
i v e l y .  The p r o b a b i l i t y  o f  o c c u r r e n c e  o f  f u e l  l e a k a g e  i n  minimum, 
m o d e r a t e ,  and s e v e r e  f r o n t a l  i m p a c t s  is 2 . 8  p e r c e n t ,  4 . 6  p e r c e n t ,  
and 1 1 . 8  p e r c e n t ,  r e s p e c t i v e l y .  These  f i n d i n g s  u n d e r s c o r e  t h e  
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r o b a b i l i t i e s  o f  f u e l  l e a k a g e  i n  r e a r -  
end and f r o n t a l  i m p a c t s .  
A n a l y s e s  o f  t h e  i n c i d e n c e  o f  f i r e  i n  a c c i d e n t s  c o n t a i n e d  i n  t h e  
HSRI CPIR F i l e  were  n o t  s i m i l a r l y  a p p l i e d  t o  t h e  1972 Texas A c c i d e n t  
F i l e  b e c a u s e  o f  a n  ( a s  y e t )  i n s u f f i c i e n t  number o f  f i r e - a c c o m p a n i e d  
a c c i d e n t s  i n  t h e  CPIR d a t a .  The low number o f  s u c h  c a s e s  and t h e  
e m p h a s i s  on f a t a l  a c c i d e n t s  made t h e  p r o j e c t i o n  o f  s u c h  f i n d i n g s  t o  t h e  
Texas  a c c i d e n t  e x p e r i e n c e  u n r e l i a b l e .  However, t h e  number o f  c a s e s  
i n  t h e  CPIR F i l e  i n  which f i r e  o c c u r r e d  i n  f r o n t a l  s e v e r e  c r a s h e s  is 
s i g n i f i c a n t .  Of t h e  57 c a s e s  o f  r e p o r t e d  f i r e  i n  t h e  CPIR F i l e ,  19  
o f  them ( o n e - t h i r d )  o c c u r r e d  i n  f r o n t a l - s e v e r e  a c c i d e n t s .  T h i s  
s u g g e s t s  t h a t  t h e  p rob lem of  f i r e  i n  t r a f f i c  a c c i d e n t s  c a n  be r e -  
g a r d e d  i n  many r e s p e c t s  a s  t h e  problem o f  f i r e  i n  f r o n t a l - s e v e r e  
a c c i d e n t s .  T h a t  c o n s i d e r a t i o n  is s u p p o r t e d  by t h e  a n a l y s i s  ( F i g u r e  
1 8 )  o f  Mich igan  f a t a l  a c c i d e n t s  accompanied by f i r e .  Over a  f o u r -  
y e a r  p e r i o d  (1968-1971) ,  2 8  d e a t h s  o c c u r r e d  i n  "head-on" c r a s h e s  and 
11 o c c u r r e d  i n  r e a r - e n d  c r a s h e s .  
E f f e c t s  o f  Compliance  w i t h  MVSS #301 
The o b j e c t i v e  o f  Motor V e h i c l e  S a f e t y  S t a n d a r d  #301  is t o  
mini ln ize  t h e  h a z a r d  o f  f i r e  r e s u l t i n g  f rom c o l l i s i o n s .  The s t a n d a r d  
s p e c i f i e s  r e q u i r e m e n t s  f o r  t h e  i n t e g r i t y  and s e c u r i t y  o f  f u e l  t a n k s ,  
f u e l  t a n k  f i l l e r  p i p e s ,  and f u e l  l i n e  c o n n e c t i o n s  when v e h i c l e s  a r e  
s u b j e c t e d  t o  c e r t a i n  s p e c i f i e d  c r a s h  t e s t s .  
One q u e s t i o n  t h a t  needs  a n s w e r i n g  is how many l i v e s  w i l l  be 
s a v e d  a n n u a l l y  by i n d u s t r y  c o m p l i a n c e  w i t h  t h e  amended MVSS #301,  
which t a k e s  e f f e c t  September  1, 1975. The q u e s t i o n  c a n  be examined 
i n  t e rms  o f  t h e  e f f e c t s  o f  c o m p l i a n c e  o n  t h e  i n c i d e n c e  o f  f i r e s  
a s s o c i a t e d  w i t h  v a r i o u s  t y p e s  o f  c r a s h e s  ., 
F i r s t ,  w i t h  r e s p e c t  t o  f r o n t a l  c r a s h e s ,  compl iance  is u n l i k e l y  
t o  a f f e c t  t h e  i n c i d e n c e  o f  f i r e s ,  b e c a u s e  t h e  amended s t a n d a r d  does  
n o t  i n c l u d e  any  new t e s t  r e q u i r e m e n t s  r e l a t i v e  t o  f r o n t a l  c r a s h e s .  
I n  t h i s  HSRI s t u d y ,  c o r r e l a t i o n  o f  f u e l  l e a k a g e  w i t h  impact  s p e e d  
( F i g u r e  1 6 )  i n d i c a t e s  t h a t  a t  impac t  s p e e d s  o f  3 0  m . p . h . ,  l e s s  t h a n  
1 p e r c e n t  o f  t h e  c r a s h e d  v e h i c l e s  l e a k e d  f u e l .  
Second,  w i t h  r e s p e c t  t o  s i d e - i m p a c t  c r a s h e s ,  based  on t h e  same 
a n a l y s i s ,  l e s s  t h a n  3  p e r c e n t  o f  v e h i c l e s  c r a s h e d  a t  20 m.p.h. 
l e a k e d  f u e l .  
T h i r d ,  w i t h  r e s p e c t  t o  r e a r - i m p a c t  c r a s h e s ,  a g a i n  based  on t h e  
same a n a l y s i s ,  a p p r o x i m a t e l y  3 0  p e r c e n t  o f  v e h i c l e s  c r a s h e d  a t  3 0  
m,p .h .  l e a k e d  f u e l ,  and 26 p e r c e n t  o f  t h o s e  t y p e s  o f  c r a s h e s  r e s u l t -  
i n g  i n  f u e l  l e a k a g e  r e s u l t e d  i n  f i r e .  T h i s  is o b v i o u s l y  t h e  t y p e  o f  
c r a s h  t h a t  w i l l  be  most a f f e c t e d  by compl iance  w i t h  MVSS #301.  
An e s t i m a t e  o f  t h e  number o f  f i r e - a c c o m p a n i e d  f a t a l i t i e s  t h a t  
migh t  be e l i m i n a t e d  t h r o u g h  c o m p l i a n c e  w i t h  MVSS #301 c a n  b e  made 
by u s i n g  t h e  d i s t r i b u t i o n  o f  Texas  a c c i d e n t s  by f r o n t a l ,  s i d e ,  and 
r e a r  i m p a c t s ,  a s  a n a l y z e d  t h r o u g h  a p p l i c a t i o n  o f  t h e  CPIR f i n d i n g s  
( F i g u r e s  8 ,  9 ,  1 0 ) .  The e s t i m a t e  is based  on t h e  f o l l o w i n g  
a s s u m p t i o n s  : 
( 1 )  Tha t  a l l  f a t a l i t i e s  i n  a c c i d e n t s  accompanied by 
f i r e  o c c u r  i n  t h e  same d i s t r i b u t i o n  a s  a c c i d e n t s  
w i t h  f i r e ;  
( 2 )  That  t h e r e  w i l l  b e  no change  i n  t h e  number o f  
f a t a l i t i e s  i n  f r o n t a l  a c c i d e n t s  accompanied by 
f i r e  ; 
( 3 )  Tha t  a l l  f a t a l i t i e s  r e s u l t i n g  from f i r e  i n  s i d e  
i m p a c t s  i n  m o d e r a t e  c r a s h e s ,  and one-ha l f  t h e  
number o f  f a t a l i t i e s  r e s u l t i n g  f rom f i r e  i n  s i d e  
i m p a c t s  i n  s e v e r e  c r a s h e s ,  a r e  e l i m i n a t e d  i n  
v e h i c l e s  complying w i t h  t h e  MVSS #301  s p e c i f i -  
c a t i o n s  f o r  r e a r  i m p a c t s .  
( 4 )  That a l l  f a t a l i t i e s  r e s u l t i n g  from f i r e  i n  r e a r  
impacts  i n  moderate  c r a s h e s ,  and one-half  t h e  
f a t a l i t i e s  r e s u l t i n g  from f i r e  i n  r e a r  impacts i n  
s e v e r e  c r a s h e s ,  a r e  e l i m i n a t e d  i n  v e h i c l e s  comply- 
i n g  wi th  t h e  MVSS #301 s p e c i f i c a t i o n s  of  r e a r  
impacts .  
(5 )  That f a t a l i t i e s  from f i r e  i n  r o l l o v e r  a c c i d e n t s  
a r e  i nc luded  i n  t h e  f r o n t a l ,  s i d e ,  and r e a r  
a c c i d e n t  c l a s s i f i c a t i o n s  ( s i n c e ,  i n  r o l l o v e r  
a c c i d e n t s ,  t h e  v e h i c l e  is impacted i n  t h e s e  a r e a s ) .  
Based on t h e  above assumpt ions ,  which a r e  l i b e r a l  i n  e s t i m a t i n g  
t h e  e f f e c t s  of compliance wi th  MVSS #301,  approximate ly  40 pe rcen t  
of  t h e  f a t a l i t i e s  which now r e s u l t  from f i r e  i n  a c c i d e n t s  might be 
e l i m i n a t e d  ( i n  a  v e h i c l e  p o p u l a t i o n  i n  which a l l  v e h i c l e s  comply 
wi th  t h e  MVSS #301) .  This  means t h a t  of t h e  e s t i m a t e d  450 t o  650 
f a t a l i t i e s  per  y e a r  r e s u l t i n g  from f i r e  i n  a c c i d e n t s ,  180 t o  260 of 
t h o s e  f a t a l i t i e s  might be e l i m i n a t e d .  Of c o u r s e ,  t h e  f u l l  r e a l i -  
z a t i o n  of t h i s  b e n e f i t  would s t i l l  be y e a r s  away. I f  new v e h i c l e s  
complying wi th  MVSS #301 a r e  i n t roduced  i n t o  t h e  t o t a l  v e h i c l e  
p o p u l a t i o n  a t  t h e  r a t e  of 10 pe rcen t  per  year  ( i . e . ,  10 m i l l i o n  new 
c a r s  i n  a  v e h i c l e  p o p u l a t i o n  o f  100 m i l l i o n  c a r s ) ,  t h i s  r e d u c t i o n  i n  
f i r e  f a t a l i t i e s  might be achieved  by 1984. The d o l l a r  c o s t  t o  
i n d u s t r y  and a u t o  buyers  f o r  compliance has e v i d e n t l y  not  y e t  been 
f u l l y  computed, nor have c o s t - b e n e f i t  comparisons t h a t  would match 
compliance wi th  MVSS #301 a g a i n s t  o t h e r  l i f e - s a v i n g  v e h i c l e  improve- 
ments .  R e l i a b l e  f i g u r e s  f o r  use  i n  such  compara t ive  cos t -benef  i t  
e s t i m a t e s  can  be produced,  but probably  o n l y  through c l o s e  
c o o p e r a t i o n  of t h e  NHTSA and t h e  a u t o  i n d u s t r y .  
5 . 5  Recommendations 
A s  ev idenced  by t h e  l i m i t e d  and d i v e r s e  d a t a  s o u r c e s  employed 
i n  t h i s  HSRI r e s e a r c h  s t u d y ,  no s i n g l e  body o f  d a t a  e x i s t s  wi th  
which t o  a c c u r a t e l y  a s s e s s  t h e  n a t i o n a l  problem of  f i r e s  i n  motor 
v e h i c l e  a c c i d e n t s .  Ne i the r  p o l i c e  o r g a n i z a t i o n s  nor such agenc ie s  
a s  s t a t e  f i r e  marsha l  d i v i s i o n s  g e n e r a t e  adequate  r e c o r d s .  
Much r e s e a r c h  has produced a  b e t t e r  unders tanding  of  t h e  
mechanisms and e f f e c t s  of f i r e s  i n  such a r e a s  a s  f u e l  i g n i t i o n ,  
m a t e r i a l s  f l a m m a b i l i t y ,  v e h i c l e  f u e l  system d e s i g n ,  and occupant  
ent rapment .  However, p rog res s  i n  t h e s e  a r e a s  has p e r m i t t e d  o n l y  
narrow p o r t i o n s  of t h e  problem t o  be a c c u r a t e l y  dimensioned and 
e v a l u a t e d .  Here a c t u a l  t e s t s  can be d e f i n e d  and conducted w i t h  con- 
s i d e r a b l e  p r e c i s i o n .  Models can o f t e n  be c o n s t r u c t e d  and observed 
a s  c o n d i t i o n s  a r e  v a r i e d .  However, such is not  t h e  c a s e  wi th  d a t a  
conce rn ing  t h e  f requency  and s e v e r i t y  of  v a r i o u s  a c c i d e n t  t y p e s ,  and 
the  f requency  and s e v e r i t y  of  i n j u r i e s  s u s t a i n e d  by v e h i c l e  occupants  
i n  a c c i d e n t s  i n  which f i r e  o c c u r s .  
The Na t iona l  Commission on F i r e  P reven t ion  and C o n t r o l ,  which 
c o n s i s t e d  of a  s e l e c t  group of n a t i o n a l l y  known and concerned 
l e g i s l a t o r s  and s p e c i a l i s t s  i n  t h e  f i e l d  of  f i r e  p r e v e n t i o n ,  s t u d i e d  
t h e  n a t i o n a l  problem of f i r e  f o r  a lmost  two y e a r s .  I n  t h e i r  r e p o r t ,  
America Burns, they  recommended t h a t  a  comprehensive n a t i o n a l  f i r e  
d a t a  sys tem be developed which cou ld  h e l p  t o  e s t a b l i s h  p r i o r i t i e s  
f o r  r e s e a r c h  and a c t i o n .  Th i s  a u t h o r  ag rees  w i t h  t h a t  recommendation 
and f u r t h e r  recommends t h a t  such  a  system be des igned  t o  ensu re  t h a t  
t h e  d a t a  c o l l e c t e d  a c c u r a t e l y  r e p r e s e n t  t h e  n a t i o n a l  a c c i d e n t  popu- 
l a t i o n  i n  a r e a s  of motor v e h i c l e  a c c i d e n t s ,  He a l s o  recommends t h a t  
d a t a  of s u f f i c i e n t  d e t a i l  and accuracy  be c o l l e c t e d ' t o  permit  
s t a t i s t i c a l l y  v a l i d  s t u d i e s  i n t o  t h e  causes  and e f f e c t s  of f i r e s  i n  
motor v e h i c l e  a c c i d e n t s .  
The development of a  n a t i o n a l  d a t a  base f o r  modeling a l l  types  
of  motor v e h i c l e  a c c i d e n t s - - i n c l u d i n g  a c c i d e n t s  accompanied by 
f i r e - - i s  u r g e n t l y  needed. P o l i c y  d e c i s i o n s  r e g a r d i n g  t h e  admini- 
s t r a t i o n ,  fund ing ,  o p e r a t i o n a l  management, and uses  of t h e  d a t a  from 
such  a  c o l l e c t i o n  system m u s t  be c a r e f u l  and d e l i b e r a t e .  Whether 
t h e  d a t a  system is admin i s t e r ed  and o p e r a t e d  by a  governmental 
agency,  a  n a t i o n a l  s a f e t y  i n s t i t u t i o n ,  o r  an i n s t i t u t e  w i t h i n  t h e  
r e s e a r c h  community, t h e s e  p o l i c y  d e c i s i o n s  m u s t  be made s o  a s  t o  
e n s u r e  t h e  s u c c e s s f u l  implementat ion of a  n a t i o n a l  d a t a  c o l l e c t i o n  
sys tem.  
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T H E  U N I V E R S I T Y  O F  M I C H I G A N  
H I G H W A Y  S A F E T Y  R E S E A R C H  I N S T I T U T E  0 7 2 9 9 3 - 0 7  
M E M O  TO: FiLe 
S U B J E C T :  S t u d y  b y  Robent R .  Nathan Andoc ia tea  on t h e  P u b l i c  
Coat  0 5  Moton Veh icLe  Fihea.  
1 have  hev iewed  t h e  a t u d q  t i t l e d ,  "The  P u b l i c  C o a , t  0 6  
a d  Motoh V e h i c l e  Fihea i n  7 9 7 3 :  A SXudy i n  Fihe Depahtment 
Coat A l l o c a t i o n v ,  h e c e n t l y  compLeted by  Robeht R .  Nathan 
A b a o c i a t e a ,  I n c ,  and aponaahed by t h e  lnauhance  l n a t i t u t e  d o h  
Highway S a d e t y .  I t  i a  an i n t e f i e a X i n g  a t u d y ,  b u t  Lacka t h e  
ac tuaL  d a t a  on iulzich t h e  authoha baaed t h e i h  concLubiona .  
Ouh knowledge o d  t h e  coata t o  a o c i e t y  d h o m  motoh v e h i c l e  dihea 
i b  phea e n t l g  a path e  and i n a d e q u a t e .  Th ia  a t u d y  haa a t t e m p t e d  
t o  add t o  t h a t  hnowledge,  
O m i t t i n g  t h e  auhvey  d a t a  on which  t h e  a t u d y  waa baaed 
i n j e c t a  aome doubt  aa t o  Xhe accuhacy  and v a L i d i t y  a d  t h e i h  
d i n d i n g a .  Neveh theLeaa ,  t h e  a t u d y  doea ptlovide hame i n t e h e a t i n g  
numbeaa hegahding coata a d  motoh v e h i c l e  d i f i ea .  
\ 
The  au thoas  cons idehed  t w o  apphoachea t o  a h h i v e  a t  c o s t a  
a d  m o t o h  v e h i c L e  dihea i n  t h e i h  a t u d y .  One apphoach t h e y  tehmed 
" i n c h e m e n t a l " ,  conaidehe,-J t h e  added coa ta  o 6 motoh v e h i c l e  dihea 
t o  d i x e d  coata h e l u t i n g  t o  d i n e  depahtmenta ( d a c i l i t i e a ,  
~ a L a h i e a ,  e t c ,  ) iuhich ahe p h i m a k i l y  baaed an a t h u c t u h a l  d i h e  
p a e v e n t i o n .  The h a - t i o n a l e  doh t h i a  apphoach i a  t h a t  L o c a t i o n  
and manpoweh hequihementb 0 6  h ihe  s t a t i o n a  ahe de tehmined  b y  
~ t h u ~ t u h a ~  d ihe  i n s  uhance c h i t e h i a  (Loweh phemimuma ) w i t h  dihea 
o t h e h  t h a n  a t l ruckuhal  diaea accommo da t ed  by t h e  a yatem. 
The " inchemen taLM c o a t i n g  apphoach was d i d  cakded i n  davoh 
0 6  a  n6uLLy d i a t h i b u t e d "  c o a t i n g  apphoach,  a i n c e  t h e  6ohmeh 
t e n d a  t o  d i d  coun t  t h e  "muLt ipLe  a o c i e t a l  b e n e , $ i t a U  genehated  b y  
d i k e  depahtment  o p e h a t i o n b .  The  d i b t h i b u t e d  apphoach ,  wh ich  
wab 'empLoyed i n  t h e  b t u d y ,  a t t e m p t a  t o  a p p o h t i o n  b o t h  d i xed  and 
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v a h i a b l e  cob tb  acaoaa t h e  apectrrurn o d  @ h e  AehviCeh phov ided .  
T h u ~  i n  cona idek ing  m o t 0 4  v e h i c l e  dinen and & e l a t e d  h c i d e n t a ,  
man-houha expended i n  hegaad t o  auch  dihea and & e l a t e d  i n c i -  
d e n t ~  was e a t a b l i a h e d  aa t h e  key  v a a i a b l e .  The  peacen tage  0 6  
buck  man-houaa, t o  man-houaa expended doa a l e  d i a e a ,  waa g i v e n  
U A  7 1 . 4 8 % .  The 7 7 . 4 %  waa o b t a i n e d  dhom a  auhvey  t i t l e d  - 1 9 7 3  
Na;tional Suhvey o 6 Motorr Veh i cLe  Fiaea.  I ' v e ,  una ucceba duLLy, 
a t t e m p t e d  t o  o b t a i n  a  copy o d  t h i a  companion AUhVey, which  
behved U A  t h e  baaia doh t h e  numbehh i n  t h i a  study.* T h i s  7 7 . 4 %  
waa uaed i n  estimating coata 0 6  emehgency a e h v i c e  t i m e  a / saoc ia ted  
w i t h  mo;toa v e h i c e e  dirrea. Coa;ta 0 6  d i h e  auppheaaion  don t h i a  
Ca-tegohy i n  7 9 7 3  was g i v e n  ah $ 7 . 7  m i i ! l i on .  Howeverr, it wah 
a lao  u e d  t o  a i m i l a h L y  a p p o h t i o n  ove thead  coata d o h  d i h e  aup-  
pheaaion 0 6  m o t o h  v e h i c l e  d ike4  and h e l u t e d  i n c i d e n t a ,  Thia  waa 
g i v e n  aa $ 2 7 7  m i l L i o n ,  t h e  a i n g l e  Lahgeat  c o a t  i t e m  atX, t ibutabLe 
t o  m o t a a  v e h i c L e  6ike.s and aeLa ted  i n c i d e n t a .  Uaing t h i a  appno- 
a c h ,  t h e  authoaa conc luded  tlzaX auch  a ehv i ceb  c o a t  $ 3 4  8 . 8  
m i l l i o n  d o h  1 9 7 3 ,  0 4  I I %  o d  t h e  $ 3 . 2  b i l e i o n  estimated doh a l l  
C o a t  c a t e g o ~ i e b  otherr t h a n  d i k e  a u p p f t e a ~ i o n  had the i rr  cohta  
t. 
appah t ioned  t o  m o t o a  v e h i c l e  dike4 and h e l a t e d  i n c i d e n t a  aa 
dollowa : 
A d m i n i a t h a t i o n ,  
CommunicaXion~ ,
and Maintenance 7 4 % $ 3 7 M  
Firre PhevenXian I % $ l . 2 M  
T h a i n i n g  1 . 4 %  $0 .7M 
ff eavy  Appahatua D e p a e c i a t i o n  
Paid E Mixed F D A  1 7 . 8 %  $ 6 . 2 M  
Volunteerr F P a  9 . 7 %  $ 3 . 9 M  
* A  t e l e p h o n e  c o n v e h ~ a t i o n  w i t h  one 0 6  t h e  authoha bhought  o u t  
t h e  i n t e n t i o n  0 6  t h e  authoha t o  h e l e a b e  xhe  heauLXa o d  t h i a  
b t u d y  i n  t h e  Januarry, 1 9 7 5  Fihe J o u h n a l ,  A n e q u e a t  waa made 
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( 3 )  The  e b t i m a t e d  e x p e n d i t u h e  by v o l u n t e e h  d i h e  
depaatmenta a l l o  ca t ed  t o  mot04  v e h i c l e  6 iheb  
and h e l u t e d  i n c i d e n t a  i s  0 6  p a h t i c u l a h  i n t e h -  
e a t .  Thia  waa g i v e n  aa 7 7 . 1 %  a d  a L l  v o l u n t e e n  
@he depahtment  cobta ( i n c l u d i n g  a d m i n i b t h a t i o n ,  
pheven t iOn,  t h a i n i n g ,  t i c . )  and 9 . 7 %  0 6  heavy 
appaaatub d e p h e c i a t i o n ,  Thia  7  7 . 1  % compahea 
c loaeLy  w i t h  t h e  1 1 . 4 4 %  appoht ionment  g i v e n  t o  
duLly  paid and mixed d ine  depahtmenta ,504 6 i h e  
bupphebbion .  1 t  i b  did6icuL.t  t o  b e e  hot0 t h e y  
c o u l d  campahe a o  closely. Paid d i k e  depahtmenta 
ake  k e p h e a e n t a t i v e  o d c i t i e b  and uhban aheab ,  
w h i l e  voLunteef i  d i t e  depat tmenta  t e n d  i o  hephe-  
b e n t  huha l  and apahae l y  popuLated aheaa.  I n  
Ann A h b o t  doh example ,  a  d i h e  depahtment  he-  
bponae i d  a lmobt  aLwaqa made t o  an a c c i d e n t  0 6  
modehate oa g h e a t e h  a e v e h i t y .  Th ib  i 4  usually 
t o  a t a n d - b y  i n  caae a  h i f i e  may occuh ,  oh t o  
waah down ~ p i L l e d  due l  oh o t h e h  d lu ida  l e a k e d  
b y  a c c i d e n t  damaged v e h i c l e s .  I n  a d d i t i o n ,  t h e  
d i k e  depa t tmen t  wiLL a tmoat  ho u t i n e L q  d i h  patch 
i t h  ' " dim..-&)tea cue" u n i t  t o  accidents w h e t e  t h e t e  
i b  modehate oh ghea t eh  i n j u t y  ;to v e h i c l e  occu-  
pants, t o  phovide doh occupant  e x t h i c a t i o n  ( i d  
n e e d e d )  and loh  i i t r b t  a i d .  Thia  i a  hahdLy t h e  
caae w i t h  t h e  mohe h u t a l  o t i e n t e d  v o l u n t e e x  
d i a e  depatrtrnents which  t a k e  mote  t i m e  t o  he -  
bpond t o  emeagencieb.  
( 4 )  The  method 0 6  a l l o c a t i n g  d ihe  depaatment  cob& 
t o  motoh v e h i c l e  6i.lrea and t re ta ted  i n c i d e n t / s  
wab i n  phopotl t iun t o  t l ze  man-houfia 0 6  d i k e -  
,+jighten14 t i m e  invoLved  i n  auch  a c t i v i t y .  
Howevea, t h i s  same appohtiorzmeni h a t i o  wail 
a p p l i e d  t o  a l l  owethead man-hou.lrb, T h a t  i a ,  
cob th  doh t h e  t i m e  pefidolznel Uhe n o t  
a c t u a l l y  p h o  v i d i n g  emehgencq ,5 e t v i c e n  .This 
d i n g l e  duc toh  ~ C C O U M , ~ ~  6 0 4  7 8 %  0 6  t h e  t o t a l  
cohta  a t ; t t r ibu tab le  t o  v e h i c l e  diheb and t e L a t e d  
i n c i d e n t s .  S i n c e  Bike  depatrtmenta ahe .baaicaLLy 
l o c a t e d ,  equ ipped  and h tadded  doh ~ e h p o n d i n g  t o  
4 t h u c t u a L  d i k e d ,  w i t h  Loweh d i k e  i nauhance  phe- 
rniuma aa a  gu ide  t o  auch  p l a n n i n g ,  it aeema t h a t  
t h e  aLLocat iun  doh auch  a a u b a t a n t i a l  p o h t i o n  
0 6  .the c o b t  0 6  ovetlhead t o  v e h i c l e  dihea and 
& e l a t e d  i n c i d e n t a  would t e n d  t o  be  i n e q u i t a b l e .  
0 7 2 9 9 3 - 0  1 
Page 5 
Sep tembeh  2 3 ,  1 9 7 4  
W h i t e  t h e  comment4 above ahe c h i t i c a t  0 6  t h e  s t u d y ,  
what  i h  m 0 b t  s i g n i 6 i c a n . t  i 6  .the o m i s h i o n  0 6  d a t a  on which  t h e  
d indinga i n  t h e  atudy wehe bahed.  W i t h o u t  t h e h e  da.ta, t h e  
c o a b  pheaented i n  t h e  nep0h.t canno t  be  e v a l u a t e d .  F a i l u a e  t o  
h e t e a h e  t h e h e  a u p p o h t i v e  back-up d a t a  a t  a t i m e  when t h e  altudy 
i d  mohlt llnewawohthyll doe4 c h e a t e  a  huh p i c i o n  ah t o  t h e  c h e d i -  
b i l i t y  0 6  i h e  e n t i h e  h t u d y .  
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